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ABSTRACT 
The Influences of Fruit and Hormones 
on the Flowering Process of 
Apple 
February 1987 
Joann Mary McLaughlin 
B.S. Virginia Polytechnic Institute and State University 
M.S., Ph.D., University of Massachusetts 
Directed by: Dr. Duane W. Greene 
Experiments were initiated to determine how fruit 
influenced the flowering process and how hormones interacted 
in this process. Fruit of some cultivars completely inhibit 
flower initiation (biennial-bearing), whereas fruit of other 
cultivars allow some flower initiation (annual-bearing). 
Benzyladenine (BA) was applied early in the season and in 
repeat applications to a biennial cultivar, ’Early 
McIntosh1. Vegetative or bourse buds subtending the 
fruit where flowers would be initiated were examined to 
determine if growth was affected. Fruit reduced growth of 
bourse buds and fruit removal prior to bloom or BA 
application prevented the reduction in growth. 
A second study was conducted to determine how BA and 
daminozide would affect growth in several cultivars which 
varied in the intensity towards biennial-bearing. A 
variable cultivar response to BA and daminozide was 
observed. Biennially-bearing cultivars exhibited increased 
v 
growth of the bourse bud and some increased flowering the 
following spring. Increased growth of the bourse bud of 
annual cultivars was not observed but the amount of 
flowering the following spring increased dramatically. A 
relationship between the number of leaf-like structures and 
flower initiation. 
A third study was conducted to determine how fruit of a 
biennially-bearing cultivar, ’Baldwin', versus that of an 
annually-bearing culitvar, 'Delicious’, influenced bourse 
buds. Fruit of 'Baldwin' reduced growth of the bourse bud 
very early in the season, whereas fruit of 'Delicious' had 
no effect. Fruit completely inhibit flowering of 
biennially-bearing cultivars by reducing activity in the 
apex to prevent further initiation of leaf-like structures 
before flower parts are initiated. Fruit of annual 
cultivars have less of an effect on the bourse bud but allow 
more flower initiation to occur. 
A fourth study was conducted to determine how 
gibberellins A4 and A7 would influence growth of the bourse 
bud of the annually-bearing cultivar, 'Delicious'. 
Inhibition of flowering by the fruit has been related to 
gibberellins from the fruit and it was found that exogenous 
GA applications resulted in a reduced growth rate of the 
bourse bud, similar to that found in biennial cultivars. 
vi 
TABLE OF CONTENTS 
ACKNOWLEDGMENTS . iv 
ABSTRACT  v 
LIST OF TABLES  ix 
LIST OF FIGURES  x 
Chapter 
I. INTRODUCTION . 1 
II. LITERATURE REVIEW  13 
Flower Initiation in Woody Perennials . 13 
Apple Flower Bud Formation . 13 
Cytokinins in Apple  19 
Gibberellins in Apple 23 
Flower Initiation vs. Biennial-Bearing . 25 
III. MATERIALS AND METHODS  29 
Experiment 1. The Influences of Fruit and 
Growth Regulators on the Anatomy and 
Physiology of the Biennially-Bearing 
Cultivar, 'Early McIntosh* . 29 
Experiment 2. The Influences of Fruit and 
Growth Regulators on the Anatomy and 
Physiology of Several Different Apple 
Cultivars  30 
Experiment 3. The Effects of Fruit on 
Early Appendage Initiation in the 
Annually-Bearing Cultivar, 'Delicious’ 
and the Biennially-Bearing Cultivar, 
'Baldwin'  32 
Experiment 4. The Influences of GA 4+7 
and BA on the Anatomy and Physiology 
of the Annually-Bearing Cultivar, 
'Delicious' and 'McIntosh' . 32 
Statistical Analysis of Data 34 
IV. RESULTS  35 
Experiment 1. The Influences of Fruit and 
Plant Growth Regulators on the Anatomy 
and Physiology of the Biennially-Bearing 
Cultivar, 'Early McIntosh'. 35 
Experiment 2. The Influences of Fruit and 
Growth Regulators on the Anatomy and 
Physiology of Several Different Apple 
Cultivars. 43 
Experiment 3. The Effects of Fruit on 
Early Appendage Initiation in the 
Biennially-Bearing Cultivar, ’Baldwin’ 
and the Annually-Bearing Cultivar, 
’Delicious '. 55 
Experiment 4. The Influences of Gibberellins 
A4 and A7 (GA4+7) and Benzyladenine (BA) 
on the Anatomy and Physiology of the 
Annually-Bearing Cultivars, ’Delicious’ 
and ’McIntosh’. 52 
V. DISCUSSION. 65 
The Influences of Fruit and Hormones on 
Appendage Development. 65 
Early McIntosh Experiment. 65 
Baldwin-Delicious Experiment. 74 
Cultivar Experiment. 75 
Delicious-Mclntosh Experiment. 78 
The Influences of Fruit and Hormones on 
Leaf Development. 61 
A Hypothesis to Explain the Influences of 
Fruit and Hormones on the Flowering 





LIST OF TABLES 
Table 1. Effects of Fruit and Growth Regulators 
on the Number of Appendages and Return Bloom on 
Spurs of 'Early McIntosh' Apple Trees. 36 
Table 2. Effects of Fruit and Growth Regulators 
on Early Leaf Development of Spurs of 'Early 
McIntosh' Apple Trees. 1+0 
Table 3. Effects of Fruit and Growth Regulators 
on the Number of Secondary Leaves/Spur of 
'Early McIntosh' Apple Trees. 42 
Table 4. Effects of Growth Regulators on the 
Number of Fruit/Spur on 'Early McIntosh' Apple 
ee . ^ 
Table 5. Effects of Growth Regulators on 
Appendage Number and Return Bloom on Spurs of 
Several Different Apple Cultivars. 45 
Table 6. Effects of Growth Regulators on the 
Number of Secondary Leaves/Spur of Several 
Different Apple Cultivars. 53 
Table 7. Effects of Growth Regulators on the 
Number of Fruit/Spur of Several Different Apple 
Culti ars. 54 
Table 8. Influence of Fruit on the Number of 
Appendages on Spurs of the Biennially-Bearing 
Cultivar, 'Baldwin', and the Annually-Bearing 
Cultivar, 'Delicious'. 
Table 9. Influence of Fruit on the Number of 
Secondary Leaves/Spur on the Biennially- 
Bearing Cultivar, 'Baldwin', and the Annually- 
Bearing Cultivar, ’Delicious'. 
Table 10. Influence of Growth Regulators on the 
Number of Appendages and Return Bloom on Spurs 
of ’Delicious' and ’McIntosh’ Apple Trees. 
IX 
LIST OF TABLES 
Table 1. Effects of Fruit and Growth Regulators 
on the Number of Appendages and Return Bloom on 
Spurs of 'Early McIntosh' Apple Trees. 36 
Table 2. Effects of Fruit and Growth Regulators 
on Early Leaf Development of Spurs of 'Early 
McIntosh' Apple Trees. 40 
Table 3. Effects of Fruit and Growth Regulators 
on the Number of Secondary Leaves/Spur of 
'Early McIntosh' Apple Trees.•. ^2 
Table 4. Effects of Growth Regulators on the 
Number of Fruit/Spur on 'Early McIntosh' Apple 
ee . ^ 
Table 5. Effects of Growth Regulators on 
Appendage Number and Return Bloom on Spurs of 
Several Different Apple Cultivars. 45 
Table 6. Effects of Growth Regulators on the 
Number of Secondary Leaves/Spur of Several 
Different Apple Cultivars. 53 
Table 7. Effects of Growth Regulators on the 
Number of Fruit/Spur of Several Different Apple 
Culti ars. 54 
Table 8. Influence of Fruit on the Number of 
Appendages on Spurs of the Biennially-Bearing 
Cultivar, 'Baldwin', and the Annually-Bearing 
Cultivar, 'Delicious'. 
Table 9. Influence of Fruit on the Number of 
Secondary Leaves/Spur on the Biennially- 
Bearing Cultivar, 'Baldwin', and the Annually- 
Bearing Cultivar, 'Delicious'. 
Table 10. Influence of Growth Regulators on the 
Number of Appendages and Return Bloom on Spurs 
of 'Delicious' and 'McIntosh' Apple Trees. 63 
IX 
LIST OF FIGURES 
Figure 1. Diagrammatic representation of 'off' 
(top) and ’on’ (bottom) year spurs. 4 
Figure 2. Diagrammatic representation of bourse 
bud from biennial and annual cultivars. 6 
Figure 3* Diagrammatic representation of fully 
mature appendages. 8 
Figure 4. Effects of Fruit and Growth Regulators 
on the Number of Appendages on Spurs of 'Early 
McIntosh' Apple Trees. 38 
Figure 5. Effects of Growth Regulators on 
Appendage Number on Spurs of Several Different 
Apple C ltiv rs. 47 
Figure 6. Number of Appendages on Several 
Different Apple Cultivars. 49 
Figure 7. Effects of Growth Regulators on Return 
Bloom on Spurs of Several Different Apple 
Culti ars. 52 
Figure 8. Effects of Fruit on the Number of 
Appendages on Spurs of the Biennially-Bearing 
Cultivar, 'Baldwin'. 58 
Figure 9. Effects of Fruit on the Number of 





Apple (Malus domestica Borkh.) cultivars are considered 
to be biennial bearing if the presence of fruit on a spur 
largely inhibits flower bud initiation in the subtending 
vegetative bud in late July or early August. Entire trees 
(or portions of trees) of these biennial-bearing cultivars 
produce fruit one year (fonf year) and they initiate flowers 
the following year (’off’ year) when spurs do not carry 
fruit. Cultivars in which fruit have a smaller influence 
on flower bud initiation are known as annually-bearing 
cultivars. Enough flowers are usually initiated in these 
cultivars to maintain a sufficient crop from year to year. 
Thus, fruit inhibit the transition of the vegetative bud to 
the reproductive state more in biennial cultivars than in 
annual cultivars. 
Fruit originate from an inflorescence of usually 4-5 
flowers that are usually found on shortened shoots or spurs. 
The inflorescence bud contains flowers, bracts, true leaves, 
leaves with large stipules or transitional leaves, and 
budscales. Primordia for single flowers are found in the 
axils of the bracts, at the apex, and in the axils of the 
most proximal true leaves. Vegetative buds originate in 
the axils of the remaining true leaves and they are always 
found distal to any true leaves with flower primordia. Buds 
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that did not initiate flowers contain only true leaves, 
transitional leaves, and budscales. 
Before entering dormancy the flower primordia develop 
to about 85$ of their full size (22). Much activity occurs 
in the inflorescence when growth resumes in the spring 
following dormancy. The flower bud resumes expansion and 
the bud scales fall off. The true leaves expand rapidly and 
begin supplying photosynthate to the developing flower 
primordia. Vegetative buds in the axils of the true leaves 
also become active in the spring. Commonly, two vegetative 
or bourse buds were formed the previous season but often 
only one remains active in the second season. Thus, the 
spur consists of two parts: the primary axis containing 
bracts, true leaves, transition leaves, and flower 
primordia; and the secondary axis containing the vegetative 
bud initiated in the axil of the true leaf (Figure 1). Leaf 
primordia that have been initiated by the axillary 
vegetative or bourse bud are thus referred to as secondary 
leaves. Those originating as part of the inflorescence are 
primary leaves. 
The secondary leaves are initiated in sequence with the 
flowers so that the following spring the apex begins to 
initiate primordia that will become the budscales, 
transition leaves, true leaves, and bracts if flower 
initiation occurs (Figures 2, 3)* These primordia are 
thought to originate in a fashion similar to that for the 
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Figure 1. Diagrammatic representation of 'off' (top) 
and 'on* (bottom) year spurs showing primary leaves of 
'offT year spur and primary and secondary leaves 
originating from the bourse bud of 'on' year spurs. 
Primary leaves 
•OFF' YEAR SPUR 
Secondary leaves 
‘ON' YEAR SPUR 
5 
Figure 2. Diagrammatic representation of bourse bud 
from biennial and annual cultivars showing initiation 
of appendages as small bumps on the flanks of the apex. 
From Bijhouwer (15). 
6 
DEVELOPING BOURSE BUD 
7 
Figure 3. Diagrammatic representation of 
when fully mature going from the outermost 










secondary leaves (39), and they will be referred to as leaf¬ 
like appendages. 
Fulford (44, 45, 46, 47) was the first to show that 
there was an inverse relationship between the rate of 
appendage initiation and flower formation. When the 
plastochron, or time interval between initiation of 
successive primordia, was long flower initiation did not 
occur. He suggested that the pattern of appendage 
development (budscales, transition leaves, etc.) was 
involved in determining flower initiation because it 
influenced the rate of initiation of appendages. He related 
increases in the plastochron to the lack of flower 
formation in biennially-bearing cultivars. The rate of 
appendage formation was suggested as a determining factor in 
whether flower initiation did or did not occur. The 
failure to form flowers on a biennially-bearing cultivar was 
associated with the occurrence of an 18-day plastochron in 
the bourse bud caused by the presence of fruit (47). On 
annually-bearing cultivars, an increase in the plastochron 
did not occur in the presence of fruit. Abbott (3) followed 
bud development for several years in the annually-bearing 
cultivar, 'Cox’s Orange Pippin', and confirmed Fulford's 
observations that flower formation followed an orderly 
pattern of initiating appendages at a similar rate from year 
to year. 
The fruit of both biennially- and annually-bearing 
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cultivars influence development of the bourse bud but fruit 
on biennially-bearing cultivars have a much greater 
influence. Fruit on biennially-bearing cultivars completely 
inhibit flower initiation in the bourse bud, whereas fruit 
on annually-bearing cultivars influence the bourse bud to a 
lesser extent so flower initiation occurs more frequently. 
Much is known about the chemical nature of the 
inhibitory influence of fruit. Chan and Cain (25) 
demonstrated that the seeds of the fruit were the source of 
the inhibitory influence. Flowers formed on spurs bearing 
parthenocarpic ’Spencer Seedless’ fruit, whereas, flowering 
was strongly inhibited on spurs bearing fruits that were 
hand-pollinated and seeded. Dennis and Nitsch identified 
two gibberellins in the apple, GA4 and GA7 (33)* Luckwill 
found that in both annually- and biennially-bearing 
cultivars there was similar gibberellin activity in the 
seeds at 5 and 9 weeks after full bloom but there was more 
gibberellin in spurs with fruit than without fruit (99)• 
Another peak of gibberellin activity was found at 12 weeks 
after FB but only in the biennially-bearing cultivar, 
’Laxton’s Superb'. Luckwill suggested that gibberellins 
from the seeds inhibited flower initiation since GA-like 
activity increased from about 5 weeks after bloom (99), the 
time when seeded fruit became inhibitory to flower 
initiation. Gibberellin activity was higher in diffusates 
from fruit pedicels of biennially-bearing cultivars than 
from those of annually-bearing cultivars, and Hoad suggested 
that more of the gibberellin synthesized in the seeds of 
biennially-bearing cultivars moves out through the pedicel 
and into the spur (67). 
It was not until the work of Marino and Greene (106), 
however, that it could be stated definitively that the 
higher levels of gibberellins diffusing from the seeds moved 
into the spur tissue where the bourse bud is found. 
Measurement of the amount of gibberellins in the spur tissue 
also revealed that high concentrations were found very early 
in the season, prior to the time high levels were observed 
in the seeds by Luckwill (100). Marino and Greene (106) 
suggested that the influence of fruit or flowers on 
subsequent flower initiation was on some early preparatory 
part of the flower induction process and not necessarily at 
the time when the actual transition to the reproductive 
state occurred. Further evidence to support the idea of an 
inhibitory effect of fruit or flowers early in the season 
comes from work with the mildly biennially-bearing cultivar 
’Golden Delicious’. Flowering could be increased by 
multiple foliar applications of the cytokinin, benzyladenine 
(BA), on biennially-bearing 'Golden Delicious’ trees when 
applied at FB +4 days (112); delaying the initial 
application just one week was less effective at increasing 
spur bloom. 
It has been suggested that cytokinins may play a role 
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in flower induction and formation. Luckwill (96) thought 
the amount of flower initiation was determined by the 
balance of flower-promoting and flower-inhibiting hormones. 
The promoting hormones were suggested to be cytokinins 
coming from the roots, while the inhibiting hormones were 
postulated to be gibberellins from the seeds. Evidence to 
support this idea, or at least the idea of the involvement 
of cytokinins in flower initiation in apple, is not well 
documented. Ramirez and Hoad (131) applied the cytokinin 
zeatin to the cut petiole of spur leaves and increased 
flower formation on an annually-bearing cultivar. An 
increase in flower formation was also seen on biennially- 
bearing ’Golden Delicious' trees with applications of BA 
(112). In the latter work, however, cytokinin applications 
seemed to enhance flower formation by counteracting the 
inhibitory influence of fruit and not by directly 
influencing flower initiation. 
Evidence is strong that gibberellins eminating from the 
seeds are the major source of the inhibitory influence of 
fruit on return bloom. In contrast, the involvement of 
cytokinins in flower initiation is less clear. The purpose 
of this investigation was to further examine the influence 
of fruit on initiation of appendages in annually- and 
biennially-bearing cultivars and to determine the 
involvement of both gibberellins and cytokinins in appendage 
initiation and flower initiation. 
CHAPTER II 
LITERATURE REVIEW 
Flower Initiation in Woody Perennials 
Flowering in woody perennials, unlike that in many 
herbaceous plants, is not thought to be under photoperiodic 
control (77). The exact mechanism of induction is not 
understood. 
The time spent in the juvenile period when 
flowers cannot be initiated shows wide variability. In most 
temperate zone woody angiosperms, flower primordia form the 
season preceding the spring in which the flowers open. The 
time of induction for many is between early May and late 
July (83). Many woody.perennials also go through annual 
cycles of growth in which shoot growth is followed by 
formation of the terminal bud (50). 
Apple Flower Bud Formation 
In apple (83), and in several species of Betula (83) 
and Populus (27), there are two types of shoot development 
(84). In the first type, all of the foliage leaves are 
formed prior to breaking of dormancy in the spring. These 
are referred to as preformed leaves. In the second type, 
several of the foliage leaves are initiated in the apex in 
the same season they expand and mature. These leaves are 
referred to as neoformed leaves. Thus, there are three 
13 
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possible types of shoots: those with only preformed leaves; 
those with both preformed and neoformed leaves; and those 
with only neoformed leaves (84). Short shoots of apple, 
called spurs, are of the first type, in which all leaves are 
preformed (84). Extension shoots of apple are usually of 
the second type, with both preformed and neoformed leaves. 
Neoformed leaves are thought to be influenced more by 
current year growing conditions than are preformed leaves 
(107). Consequently, there is more variability in many 
characteristics of neoformed leaves than found on preformed 
leaves (84). Flowering seems to occur more frequently and 
earlier on shoots or spurs where the leaves are preformed 
than shoots where neoformed leaves are present (132, 133), 
thus accounting for later flower formation in shoots with 
neoformed leaves (97, 171)* 
Flower initiation in apple occurs primarily on spurs. 
Expansion of preformed leaves on spurs is followed by 
initiation of leaf-like forms, which is then followed by 
flower formation (3, 15, 46). Romberger (135) and Foster 
(39) suggested that primordia were not destined necessarily 
to form scales or leaves. Determination of leaf form was 
imposed at an early developmental stage by existing 
environmental conditions. 
A flowering spur consists of two parts, the primary 
axis containing the inflorescence and leaves, and a 
secondary axis or axillary bud that may form flowers if 
15 
conditions are favorable. The primary leaves expand first 
and attain full size in about five days, whereas secondary 
leaves require about 15 days (103). The innermost primary 
leaves are small and the outer primary leaves and secondary 
leaves are much larger when fully expanded (144). Primary 
leaves fall off in the middle of June (144) so that most of 
the leaf area on trees is from shoots with both preformed 
and neoformed leaves (84). 
Apple trees, like other woody perennials, go through 
juvenile periods in which they are unable to initiate flower 
buds. For apple, the juvenile period may last between 1 and 
10 years, variability depending on the cultivar and 
environmental conditions (164). The juvenile period may 
also be shortened by vigorous growth (164). Most apple 
cultivars generally do not respond to photoperiod, although 
long day treatments can increase the number of flower buds 
on a few cultivars (51, 122). 
Primordia are initiated sequentially at the apex. 
Apple, like most other species, has a characteristic 
zonation pattern for the vegetative apex (22, 127). The 
number of tunica layers in the vegetative apex reportedly 
varies from 2 to 6 (22, 127, 136). Buban and Faust (22) 
stated that the first 2 tunica layers are always present in 
the vegetative apex but the number of accessory layers 
varies. In flowering apices, the central meristem is 
located immediately below the first tunica layer (22, 68). 
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Leaf primordia are initiated on the flanks of the apex, from 
2 to 5 layers below the surface, so that while both the 
tunica and central zone may contribute, usually the second 
layer of the tunica forms the primordium (137). A 
transition is then seen from the meristematic cells of the 
corpus to the vacuolated cells of the pith (127). The pith- 
rib meristem, which is located directly underneath the 
central zone and contributes cells to the pith, remains 
active for a longer period of time on extension shoots than 
on spurs (137). 
Prior to initiation of a leaf, periclinal divisions 
cause a protrusion, or foliar buttress, on one flank of the 
meristem (36). The location of these divisions in relation 
to the sites of previously formed leaves is determined by 
the phyllotaxy. In extension shoots of apple a 3/8ths 
phyllotaxy was reported ( 8) and on spurs a 2/5ths 
phyllotaxy was seen (M. Goffinett, New York State Experiment 
Station, Geneva, New York, personal communication). This 
does not change upon flower formation in apple as it does in 
many other species (46, Goffinett, personal communication). 
The apical meristem of the leaf is at the tip of the 
primordium and this forms the tip of the leaf, the midrib, 
and the petiole (103). At the flanks of the midrib are 
marginal meristems from which the leaf blade develops. 
Leaf-like forms found in apple (budscales, transition 
etc.) originate in a fashion similar to that of leaves, 
17 
leaves but they differ from the leaf in subsequent 
development in the amount of base, stipule, and lamina 
development (7, 39). 
Bernier et al. (13) described characteristic changes 
that occur either immediately prior to or at the time of 
transition of the apex to the reproductive state in a wide 
variety of plants. These were classified into events 
occurring at the subcellular, cellular, histological, or 
macromorphological level. Not all are thought to occur in 
every plant. In apple, at the subcellular level increases 
in synthesis of RNA were found at the time of flower 
differentiation (140). At the cellular level a 
reorganization of the meristem occurs and zonation patterns 
characteristic of vegetative apices disappear (22, 68) along 
with vacuolation of the pith-rib meristem (127). Mitotic 
activity, which was confined to specific areas in the 
vegetative apex, now becomes general throughout the entire 
apex (22) and initiation of buds in the axils of some of the 
appendages occurs (15, Goffinett personal communication). A 
decrease in the plastochron occurs along with a probable 
increase in the rate of cell division in the apex (46). 
Transition to the reproductive state in apple is 
generally agreed to occur prior to bract formation (22, 127, 
Goffinett, personal communication). Pratt et al. (127) 
observed a transitional meristem with a broadening of the 
apical dome and pith, but this was not totally 
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distinguishable. The first sign is a very distinct 
broadening of the apex and growth upwards, or doming, 
followed by bract formation (3, 46, 98). Acropetal 
vacuolation and sharper demarcation of the pith accompanied 
the change in shape of the apex (127). Mitotic activity 
becomes general in the apex in contrast to being confined to 
more specific areas in a vegetative apex (22), and the 
histological structure of the apex is changed. The central 
meristem is now located directly under the second layer of 
the tunica (68). Zonation patterns are now no longer 
distinct as in the vegetative meristem. Buban and Faust 
(22) describe the progressive development as: 1) the 
vegetative bud, 2) the appearance of the reproductive 
growing point, 3) the flower meristem, and finally 4) the 
flower primordium. 
Goffinett (personal communication) suggests the first 
evidence of induction is the expansion of the apical dome 
* , 
and the appearance of axillary meristematic activity in the 
last formed leaf primordia. The lowest, or first-formed, 
axillary meristem is inhibited while the next few are 
initiated, producing large rounded floral meristems. The 
main apex is still performing as a shoot apex but then soon 
flattens out and initiates the bracts. The lowest lateral 
flower develops faster than the upper lateral flowers, 
although once the terminal flower is initiated it will soon 
overtake the lateral flowers in development (15, 46). 
19 
Cytokinins in Apple 
Luckwill proposed that flower initiation in apple was 
dependent on the ratio of cytokinins to gibberellins at the 
time of cessation of shoot growth (96). A low gibberellin 
level was believed to be necessary because gibberellins were 
inhibitory to flower initiation in apple. Adequate 
cytokinins were needed at the time of shoot cessation for 
initiation of flowers before shoots became dormant and cell 
division ceased. 
Synthesis of cytokinins is generally thought to occur 
in the root tips, germinating seeds, stems, buds and other 
rapidly growing tissues (90, 111). Transport forms of 
cytokinins may not necessarily be the same as those 
synthesized (90, 111). Cytokinin synthesis occurs via 
combination of isopentyl pyrophosphate and adenosine 
monophosphate to form isopentyladenosine monophosphate, the 
precursor to free cytokinins (90). Transport most often 
occurs in the riboside form of cytokinin endogenous to the 
plant (90). Once transported, there is very often 
conversion of riboside to a glucoside form that is generally 
thought to be a biologically inactive form but one that is 
available via conversion back to the active form (111). 
Cytokinin-like activity in the xylem sap of apple 
increases rapidly until the time of full bloom and then 
begins to dramatically decline, reaching almost zero by 
August (100). This also occurs in other plants (65, 159, 
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160). Often, the decline coincides with the onset of 
flowering, as in Helianthus (145) and Lycopersicon (28), or 
with floral induction as in Xanthium (65, 66, 151). Greene 
o 
(53) found that two-thirds of the total cytokinin-like 
activity in apple trees was found in the buds and young 
leaves. Grochowska and Karaszewska (58) found cytokinin 
increases in unpruned shoots of 'McIntosh* in July, which 
coincided with the time of differentiation of flower buds. 
This was confirmed in other apple cultivars (163). In mango 
(Mangifera indica L.), cytokinin levels increased at the 
time of flower bud induction and differentiation, whereas 
the concentration of gibberellins decreased during this 
period (129). 
The major cytokinin transported in the xylem sap is 
thought to be zeatin riboside (90, 159). Zeatin glucoside 
was found in the leaves and phloem exudate (157, 158). 
Cytokinins accumulated in the leaves in the spring and early 
summer, and then they were metabolized to glucosides and 
exported through the phloem (158). Removal of fruit from 
grape vines increased the level of cytokinin glucosides in 
the leaves, suggesting that fruit have the ability to 
attract cytokinins from either the leaves or the roots (72). 
Information concerning endogenous changes in cytokinin 
activity in relation to flower initiation in photoperiodic 
plants is still very limited. Exposure of Xanthium to an 
inductive short day resulted in a dramatic reduction in 
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cytokinin activity in root exudate, buds and leaves (161). 
However, bark ringing below the induced leaf prevented the 
decline in cytokinin levels in the leaves and root exudate 
without affecting flower initiation (66, 168). In the 
long day plant, Sinapis, the cytokinin content was higher in 
leaves of induced plants than non-induced plants by the 16th 
hour after the beginning of the long day (11). These and 
other studies suggest that cytokinin levels are related to 
the photoperiodic regime rather than the physiological 
status (reproductive vs. vegetative) of the plant. Once 
initiation occurs in the short day plants, Xanthium and 
Lupinus albus, cytokinin levels increase (29, 121). 
Exogenous applications of cytokinins are very rapidly 
taken up by the cell and metabolized. Within 48 hours, 88$ 
of the radioactive benzyladenine supplied to cell cultures 
of tobacco was absorbed (88). The major metabolites formed 
were benzyladenine 7-glucoside, an inactive cytokinin, and 
riboside 5’-phosphate, the source of active interconversion 
to ribotides, ribosides, and free bases. 
Cytokinin applications have been found both to promote 
(119, 131, 139, 162) and to inhibit (83, 139) flowering. 
Cytokinin effects on flowering appear to be dependent on the 
site and time of application, concentrations applied, and 
amount of other hormones present (14, 118, 142, 143). Most 
often cytokinin applications either increase the mitotic 
activity in the apex (12, 108, 143) or alter assimilate 
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transport (118), and increases in flowering following 
cytokinin application have been related to these effects 
(12, 115). In species where flowering is inhibited 
following cytokinin application, increases in mitotic 
activity have been reported and this has been related to the 
lack of flowering (143). Thus, the involvement of 
cytokinins in flowering is unclear. 
In apple, it has been shown that applications of 
cytokinins can influence flower initiation and formation for 
the following season. Ramirez and Hoad (131) applied 
zeatin, a cytokinin native to apple (91), to the cut petiole 
of a spur leaf on ’Egremont Russet’ apple trees and found 
that it increased return bloom. The effect was increased 
by fruit removal on the spurs or by a 2000 ppm spray of 
daminozide at full bloom +2 weeks. Looney et al. (93) also 
found an increase in return bloom with zeatin on ’Golden 
Delicious’ trees. McLaughlin and Greene (112) found that 
benzyladenine alone did not increase return bloom on spurs 
when applied at FB +11 days, but it increased terminal 
and/or axillary bloom. An additional spray of daminozide at 
FB +11 days in combination with the BA sprays increased 
return bloom on spurs. If, however, the initial spray was 
applied one week earlier at FB +4 days, BA increased spur 
bloom on biennially bearing ’Golden Delicious'. BA also 
increased the number of flowers in the inflorescence by 
promoting lateral flower differentiation, and decreased the 
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susceptibility of flowers to cold temperatures. 
Gibberellins in Apple. 
Gibberellins, when applied to several Prunus species, 
resulted in a substantially reduced area of meristematic 
activity (20). Unlike the control buds, treated buds had 
no layers of intervening differentiated cells. Instead, 
fully differentiated cells were found immediately below the 
cell division zone. Bradley and Crane (20) suggested 
that exogenous gibberellin applications had reduced general 
mitotic activity in the upper regions of the apex. However, 
early gibberellin applications increased mitotic activity in 
the cambium, particularly along xylem rays (19). 
Daminozide, which reduced gibberellin-like activity (73, 
87), is thought to be antagonistic to the actions of 
gibberellins. Daminozide reduced mitotic activity in the 
apex, the pith-rib meristem, and young leaf primordia (169). 
As with cytokinins, gibberellins have been found to both 
promote (119, 120) and inhibit (105, 120) flowering, and 
thus, the effects of hormones on flowering may then depend 
on the action of the hormone at the apex. 
Gibberellins have long been thought to inhibit flower 
initiation in apple. Tumanov and Gareev (155) found that 
seeded fruit inhibited initiation, and this was confirmed by 
Chan and Cain using the seedless variety, ’Spencer Seedless' 
(25). By hand-pollinating this variety to induce the 
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formation of seeds they observed a significant decrease in 
the number of flowers. They suggested that this may be a 
result of hormones such as gibberellins diffusing from the 
seeds. Guttridge (59), Marcelle and Sironval (105), and 
Dennis and Edgerton (32) had reported inhibition of 
flowering by sprays of gibberellins. Luckwill et al. (99) 
measured gibberellin levels in the seeds and found that they 
increased at approximately 5 to 9 weeks after full bloom. 
Biennially-bearing varieties also had a second peak of 
gibberellin activity at 12 weeks after full bloom. 
Gibberellins A4 and A7 were identified in the seeds by 
Dennis and Nitsch (33), and Hoad (69) found that there was 
more gibberellin activity diffusing from the seeds of 
biennially-bearing cultivars than annually-bearing 
cultivars. 
More recent evidence * suggests that the role of 
gibberellins in flowering of apple may be much more complex 
than thought. Looney and Pharis reported (92) a positive 
correlation between flower initiation and the conversion of 
labeled GA4 to more polar GA compounds. Tromp (153) found 
that GA7 and not GA4 inhibited flowering. Looney et al. 
(93) reported that GA4 was in fact promoting flowering on 
spurs of ’Golden Delicious'. In a more extensive review 
article, Looney and Pharis (92) suggested that of the 25 
native gibberellins reported in apple to date (82, 130) 
there are substantial differences in their effects on flower 
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initiation, and this may be due to differences in metabolism 
and time of occurrence of specific gibberellins. Since high 
concentrations of gibberellins in diffusates and seeds later 
on in the season (45-60 days after full bloom) were not 
paralleled by gibberellin activity in fruiting spurs, Marino 
and Greene (106) suggested that there may be differences 
over time in the ability of the spur to metabolize 
gibberellins. 
Flower Initiation vs. Biennial Bearing 
The study of flowering in apple is complicated by the 
presence of fruit. In annually-bearing cultivars many of 
the spurs will initiate flowers in the presence of fruit, 
whereas none will be initiated on biennially-bearing 
cultivars. Attention has focused on the causes and control 
of biennial-bearing because of the commercial importance of 
having an annual crop. Theories on the induction of flower 
initiation have concentrated on the inhibition of flowering 
by fruit and not necessarily the developmental process of 
flower initiation itself. This is evident in early theories 
that the ratio of carbohydrates to nitrogen was the 
determining factor. Cultivars that tend to bear biennially 
are usually self-pollinated and set more fruit (170). The 
large number of fruits on biennially-bearing cultivars were 
thought to reduce the amount of carbohydrates and when the 
ratio of carbohydrates to nitrogen fell below a certain 
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level, flower initiation did not occur (74, 115). Fulford 
(44, 45, 46) studied bud development and flowering in apple 
and reported that the apical meristem was a self-regulating 
mechanism that ensured flower initiation unless it was 
otherwise inhibited. The rate of primordia production was 
controlled by younger leaf primordia which were in turn 
controlled by the foliage. This ensured that primordia were 
initiated at a steady rate which Fulford suggested was 
related to the formation of flowers (46). Fruits from 
biennially-bearing cultivars inhibited flowering by 
increasing the amount of inhibition of older primordia on 
the apical meristem. The rate of primordia production at 
the apical meristem then slowed and flower initiation did 
not occur (47). 
Subsequent research has shown that the 
carbohydrate:nitrogen ratio is not a determining factor in 
flower initiation (30). Fruits do have a profound influence 
on the metabolism of the spur. Respiration rates are lower 
(57) and photosynthetic rates are higher on fruiting spurs 
(64). There are two periods when photosynthesis is high in 
leaves of fruiting spurs (43). The first occurs at bloom 
and the second is found from July to September. Wardlaw 
(166) found that developing apple fruit had a high 
demand for assimilates, whereas flowers attracted very 
little assimilates. Letham and Williams (91) found high 
cytokinin-like activity in the seeds of apple fruitlets but 
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activity declined following bloom (130). When applied to a 
cut petiole, more labeled kinetin moved into the bourse bud 
of annually-bearing cultivars than of biennially-bearing 
cultivars, suggesting that transport of cytokinins may be a 
factor in biennial bearing (130). The fruit, however, had 
become strong sinks by mid-June and nearly all the 
assimilates from leaves on the spur went to the fruit (166). 
The presence of fruit also reduced starch (56) and nucleic 
acid and histone levels (22) in the spur. 
Recent evidence has also questioned the influence of 
fruit on bud development. Abbott has suggested that the 
effect of fruit load on initiation is not related to the 
rate of primordia production but instead to the number of 
flowers initiated ( 4). Gibberellins, which are thought to 
be the source of inhibition of flowering, have not been 
shown to affect the rate of primordia production when 
applied to leaves (98). 
Bernier- et al. (13) have proposed that induction of 
flower initiation in all plants is controlled by multiple 
factors including carbohydrates, auxins, gibberellins, and 
cytokinins. They point out occurrences, which they call 
evocational events, immediately prior to or at the time of 
flower initiation in a wide variety of plants. Some of 
these events are suggested as prerequisites to flower 
initiation. Hormones are thought to be involved in 
controlling specific evocational events. Many of these 
28 
events have also been seen to occur in apple and thus, it is 
possible that flower initiation in apple may be controlled 
in a fashion similar to that of photoperiodic plants. 
Hormones may then either promote or inhibit flowering in 
different species because of their involvement in various 
evocational events. 
CHAPTER III 
MATERIALS AND METHODS 
Experiment 1. The Influences of Fruit and Plant Growth 
Regulators on the Anatomy and Physiology of the Biennially- 
Bearing Cultivar, fEarly McIntosh*. 
Prior to bloom in 1983, 4 limbs uniform in size were 
selected on each of 12 trees. Full bloom (FB), or the time 
when over 50% of the king flowers had opened, was May 13, 
1983. Trees were then grouped into 6 pairs according to 
closest proximity to one another; at FB +4 days, one of each 
pair of trees was sprayed to the drip point with 2000 ppm of 
daminozide. Four limbs on each of the 12 trees were 
assigned randomly to one of the following 4 treatments: a) 
all flower clusters retained (+flowers), no plant growth 
regulator (PGR) treatment; b) all flower clusters removed (- 
flowers), no PGR treatment; c) -flowers, +PGR treatment; d) 
+flowers, +PGR treatment. Flowers were removed 9 days 
prior to full bloom. The PGR treatment was the cytokinin 
benzyladenine (BA) which was applied as a foliar spray at 50 
ppm at full bloom +4 (FB +4) and +26 (FB +26) days. At FB 
+26 days 0.01% Buffer-X (a surfactant, distributed by Abbott 
Laboratories, North Chicago, Ill.) was included with the BA 
spray. Treatments were replicated 6 times in a randomized 
block design with a split for the daminozide treatment. Six 
limbs on 'off' year trees of 'Early McIntosh' and 6 limbs on 
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fruiting 'McIntosh’ trees were also selected as a reference 
to the treatments. 
Ten spurs on tagged limbs were collected at FB +5, +8, 
+13, +24, +32, +47, +61, and +88 days. The leaves were 
removed and the spurs were stored in formalin:acetic 
acid:70£ ethyl alcohol (FAA) solution until dissection under 
a stereoscopic microscope. Two spur samples of the 10 
collected spurs on each of the 6 replications were selected 
and dissected on the basis of uniform size and appearance. 
The number of fruit on the spur, the number of secondary 
leaves on the bourse bud, and the number of leaf-like 
appendages were counted. At FB +8, +13, +24, and +32 days, 
twenty-five additional spurs were collected. The total 
number of leaves per spur was counted and the total leaf 
area per spur was determined by a LI-COR Model 3100 Area 
Meter. Return bloom on tagged limbs was determined by 
counting the number of vegetative and flowering spurs and 
then calculating the % flowering spurs among the total 
number of spurs the following spring. 
Experiment 2. The Influences of Fruit and Plant Growth 
Regulators on the Anatomy and Morphology of Several Different 
Apple Cultivars. 
Prior to bloom in 1984, 2 limbs uniform in size were 
selected on 6 trees of 5 different cultivars. Full bloom 
was May 20, 1984. In order of decreasing intensity of 
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biennial-bearing, these cultivars were ’Baldwin’, 'Early 
McIntosh', 'Golden Delicious', 'Cornell McIntosh', and 
'Vance Delicious'. Two limbs on each of the 6 trees of the 
different cultivars were randomly assigned to 1 of 2 
treatments: 1) +flowers, no PGR -treatment; and 2) +flowers, 
+PGR treatment. BA at 50 ppm was applied to the drip point 
on leaves at FB +3, +22, and +43 days. Buffer-X at 0.01$ 
was included in spray treatments when daminozide was not 
added to the PGR treatment, since the daminozide formulation 
included a surfactant. Daminozide at 2000 ppm was applied 
to leaves at FB +3 days. Treatments were arranged in a 
randomized complete block design with 6 replications. 
Five spurs on tagged limbs were collected at FB +1, 
+6, +19, +24, and +37 days and then stored in FAA solution 
until dissection. Two of the 5 spurs collected from each of 
the 6 replications were dissected. The ' number of 
fruit/flowers on the spur, the number of secondary leaves on 
the bourse bud, and the number of leaf-like appendages in 
the bourse bud were counted. Ten spurs were collected on 
each cultivar in late September, and the numbers of 
appendages initiated before appearance of flower parts were 
counted. Return bloom was determined as the percent of 
total spurs that flowered the following spring. 
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Experiment 3* The Effects of Fruit on Early Appendage 
Initiation in the Annually-Bearing Cultivar, ’Delicious1 and 
the Biennially-Bearing Cultivar, Baldwin*. 
Prior to bloom in 1985, 2 limbs on each of 6 
different trees were selected on the annually-bearing 
cultivar ’Red Prince Delicious’ and the biennially-bearing 
cultivar ’Baldwin’. There were 2 treatments: a) +flowers 
and b) -flowers. Flowers were removed 7 and 9 days prior to 
full bloom (May 9, 1985) on ’Delicious’ and ’Baldwin’, 
respectively. Treatments were arranged in a randomized 
complete block design with 6 replications. Five spur 
samples on each of the 6 replications were collected at FB - 
2, +1, +4, +7, +10, and +20 days, and stored in FAA solution 
until dissection of 2 of the 5 samples. The number of 
secondary leaves on the bourse bud and the number of leaf¬ 
like appendages were counted. 
Experiment 4. The Influences of Gibberellins A4 and A7 
(GA 4+7) and Benzyladenine (BA) on the Anatomy and 
Physiology of the Annually-Bearing Cultivars, ’Delicious’ 
and ’McIntosh’. 
Prior to bloom in 1985, 24 ’Double Red Delicious’ 
trees on M26 rootstocks were selected for uniform vigor, and 
were divided into 6 groups of 4 trees each based on 
proximity to one another. Full bloom was May 9, 1985. rour 
treatments were applied to a single tree in each group. The 
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treatments were: 1) control, no PGR treatment; 2) GA4+7, 50 
ppm, at FB +5, +14, and +22 days; 3) GA4+7, 150 ppm, at FB 
+42 days; and 4) GA4+7, 150 ppm and BA, 150 ppm, at FB +42 
days. GA 4+7 is a proprietary mixture of both GA 4 and GA7 
(distributed by Abbott Laboratories). Buffer- X was added 
to all PGR treatments at 0.01^. Treatments were replicated 
6 times and arranged in a randomized complete block design. 
Five spurs per tree from treatments 1 and 2 were collected 
at FB +22, +29, and +65 days, and 5 spurs from treatments 3 
and 4 were collected for dissection at FB +65 days. The 
number of fruit on the spur, the number of secondary leaves 
on the spur, and the number of leaf-like appendages in the 
buds were counted. Return bloom for 1986 was estimated by 
collecting 25 spurs and dissecting them to determine the 
percent spurs that had flowered, and by counting the total 
number of blossom clusters on treatment limbs and then 
dividing by the treatment limb circumference. 
Prior to bloom, 2 limbs on 6 ’Rogers McIntosh1 trees 
were selected for uniform vigor. There were 2 treatments: 
1) no BA; and 2) BA at 100 ppm applied at FB +22 days. 
Treatments were arranged in a randomized complete block 
design with 6 replications. Five spurs were collected and 2 
were dissected for anatomical evaluation at FB +29 and +65 
days. Return bloom was determined by counting the number of 
blossom clusters on tagged limbs prior to bloom in 1986. 
Statistical Analysis of Data 
Square root transformations were performed on all 
counts of the number of appendages, secondary leaves, and 
fruit. Treatment means within period and cultivar were 
separated by Duncan’s multiple range test at the 5% level 
using a pooled interaction and main factor error term for 
period, and a whole plot error term for bloom. In Experiment 
1, daminozide effects on the number of appendages, return 
bloom, leaves, and leaf development were not significant and 
the data were combined with non-daminozide treatments. The 
data were then analyzed for the effects of BA. Similarly, 
BA effects on the number of fruit/spur were non-significant 
and BA treatments were combined with non-BA treatments and 
the data analyzed for the effects of daminozide. 
CHAPTER IV 
RESULTS 
Experiment 1. The Influences of Fruit and Plant Growth 
Regulators on the Anatomy and Physiology of the Biennially- 
Bearing Cultivar, 'Early McIntosh*. 
Using the combined daminozide and non-daminozide data, 
no treatment had a consistent influence on appendage 
formation until 24 days after full bloom (FB +24) (Table 1, 
Figure 4). At FB + 5 days, the (-fruit) and the (+fruit 
+BA) treatments had a greater number of appendages than the 
(+fruit) and (-fruit +BA) treatments. However, by FB +8 
days the (-fruit) and the (-fruit +BA) treatments had a 
greater number of appendages than the (+fruit) treatment. 
At FB +13 days, all treatments had a similar number of 
appendages. 
By FB +24 days, BA treatments either with or without 
fruit (+BA +/-fruit) produced greater numbers of appendages 
than the (+fruit) only treatment. This was 3 weeks after 
the initial BA application. Fruit removal alone did not 
significantly increase appendage number by FB +24 days. By 
FB +32 days and continuing throughout the rest of the 
measurement period, all other treatments had a greater 
number of appendages than the (+fruit) treatment. From FB 
+32 to FB +47 days, all 3 treatments (-fruit, +fruit +BA, - 
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Figure 4. Effects of Fruit and Growth Regulators on 





























this, differences among the 3 treatments developed. At FB 
+61 days the (-fruit +BA) treatment had a greater number of 
appendages than the (-fruit) or (+fruit +BA) treatments and 
this continued to the end of the measurement period. By FB 
+88 days, the (-fruit) treatment had a greater number of 
appendages than the +fruit +BA treatment. 
'Off' year spurs or spurs from 'Early McIntosh' trees 
that would definitely initiate flowers were included as a 
comparison to the fruiting and defruited treatments. Until 
FB +32 days, 'off' year spurs and the (+fruit) treatment 
had a similar number of appendages. Following that, 
however, 'off' year spurs began initiating appendages more 
rapidly than the (+fruit) treatment and these went on to 
initiate flowers. 
Increased appendage number did not always result in 
increased return bloom the following season (Table 1). 
Increases in appendage number were associated with increases 
in return bloom only in the -fruit (+ and -BA) treatments. 
In the (+fruit +BA) treatment there was a greater number of 
appendages than in (+fruit) treatment, but no increase in 
return bloom was observed. Without the presence of fruit, 
BA was able to substantially increase return bloom. 
Leaf number was not influenced by treatments until FB 
+32 days (Table 2). Both BA treatments (+ and -fruit) had 
a greater number of leaves/spur at FB +32 days than the 
(+fruit) treatment. 'Off' year spurs appeared to have fewer 
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leaves than spurs within any of the treatments. Bearing 
’McIntosh1 spurs appeared to have about the same number of 
leaves/spur as those of the ’Early McIntosh’ treatments. 
No treatment had a consistent effect on spur leaf area 
(Table 2). At FB +24 days the (-fruit) treatment had a 
greater leaf area than any of the other treatments. Both 
(-fruit) treatments had a numerically greater amount of leaf 
area, although not statistically significant, than the two 
(+fruit) treatments throughout the measurement period. ’Off’ 
year spurs had a much higher leaf area/spur value throughout 
the measurement period than any of the other treatments. In 
all of the ’Early McIntosh’ treatments the greatest increase 
in leaf area/spur occurred from FB +13 to FB +24 days. In 
’McIntosh’, the greatest increase occurred from FB +5 to FB 
+13 days. Initially, leaf area in both ’McIntosh’ and 
’Early McIntosh’ treatments was very similar, in contrast to 
large differences between ’Early McIntosh’ treatments and 
’off' year spurs. 
Differences in the number of secondary leaves or 
leaves originating from the bourse bud appeared to be 
random since there was no consistent pattern in differences 
between time or treatments (Table 3)* The number of 
secondary leaves did not change within the treatments during 
the measurement period. ’Off’ (non-bearing) year spurs or 
spurs that had not initiated flowers the previous season had 
































































































00 4J> c 
CO co 03 03 03 03 C C 0 
+ >1 O •=T in in C— CM CO 03 O 0 
CQ 03 • • • • • • z C3 -H 2E 
a Cx. -a no no no no vO ■=r r< 4-3 L. >» 
o Cm 03 Q. f-H 
o 
o ■tH • 4J> 
rH C 3 03 0 C 
-O r— b0 0 >, 4J> 0 
VO co 03 03 03 03 H H ffl 0 O 
rH + in O T~ cn vO no co 0 rH TO TO *H 
rH1 OQ 03 • • • • • • z c a Cm 
3 Dt, TO no no no CM VO ST O CuCTv TO -H 
Cm C 03 0 C 
TO E bC 
0 03 03 t. -H 
<D b- J0 JO 1. 0 > O 0 
4-3 ■=T 00 03 03 O 03 0 2 0 Cm 
Cm + >, O VO Ov ■a- CO T““ 2 E 0 0 
0 CQ 03 • • • • • . m r-v d) C C- 
Cl. -O no no no no VO ST net. 0 0 
CO 4-> CQ C- 2 
>> C 0 4-3 
03 0 c. 
TO CM E 0 0 C 0 
no co 03 03 01 03 4-3 C 2 O 4-3 
£. + >, CM CM Ov CO T~ co 03 *H 4-3 rH 
3 CQ 03 • • • • • . z 0 C 0 TO 0 0 
a Cl. TO no no no CM VO •S' C. 0 L 0 iH > 
CO 4-3 TO 0 E 0 
0 2 t- 43 rH 
n 43 rH O O c . 
<u ST 3 >»fH Cm 0 rH r-' 
> CM CO oJ 03 03 03 JQ N Cl. L C. 0« 
03 + >i r— CM -sr Ov O co C 0 0 > m 
03 CQ 03 • • • • • • z 0 0 Q. Cm 0 '-r 
-J Cl. -O no no no CM C— ST >» CQ • Cm rH 
03 0 0 -H X- 
TO >, C. TO V*- *“ 
£. • 0 3 in 
03 no ■=r 0 to TO 0 C. 
”3 *“ CO 05 03 03 03 + 43 0 - o 
c + >» 00 T— r— O •sr no CO c vo O >,4-3 
o CQ 03 • • • • • • z CO 0 CM O J3 0^ 
o Cl. TO CM no no no S3 Cl. S C- 0 * 
<u 4-3 TO Q. TO 4-3 ^ 
co 4-3 « C 0 
0 0 0 C 2 0^A 
Cm CO co 03 03 0) co £. o o bom 
o + sr o no CM T— b— CO E 43 3- •H 1—1 c 
CQ 03 • • • • • • z a + 43 rH 0 43 
c Cl. *3 no no no no t- no a 0 0 O £- 0 
a) TO CQ c- Cm 
JO O -H Cl. 0 © 4-3 
s >* O N Q.—' <H C 
3 LO 00 03 03 J0 03 O O 43 0 cu a. 0 
Z + >, o> cr\ vo ao no CM C 0 0 H H O 
CQ O) • • • • • • * •H -4-3 -rH 
Cl. -O C\J CM no CM vO •3- 4-3 E X C rH Cm 
0 0 • 0 C 3 -H 
TO £- ©EEC 
TO 1 0 E 3 to 
0 C Cm rH 0 tH 
■H O <m TJ O * 0 
<H C 3 c o c 
o O Q. 03 0 0 £- 
o o CO CO CO co ar C 0 o 
O o -—, z z z z 0 4-3 W © -H C 
CM CM b0 X •rH T“ 0£ 3^ 
a a 00 C 03 0 2 0 • C 43 Q CO 
i i c •H o 0 E 0 *H Z 
N O O s N •H C- c 2 TO O -H 2 
CO O O + + c. CO 03 —' C 0 JO o C JO 
4-3 O O 03 <13 •H Q H O C 4-3 rH 0 C 43 
c CM CM •k •k © JO £. ww -h Q -H -H -Q > O 43 C 
<u a a o O JO 03 ^ -O W JD 2 •H C 0 
B i in in 1 > 03 03 Cu C3 CU E rH Cm 4-3 0 O 
4-3 \ N < < c — TO 4-3 —' o! © O E i—I O 0 t- -H 
03 + + CQ CQ . o JO <m *H C £- C TO C3 Q. 3 C 0 Cm 
a) + + c 03 O N <13 03 03 -H •H Q. <m 0 03 Cm -<H 
&, •k O o e oo 4-3 jr N TO •H Q. Cm C 
H ** 43 4-> 4J 4-3 03 C J) O C 4-3 o c o o 0 0 -H b0 
■tH •H •H •H • c •H *H 03 *H H *H c 0 in 4-3 >, 0 TO H 
3 3 3 3 Cm HH 03 B <13 C. 2 •H rH 0 
t. t- U U Cm o >, CTJ S- 03 a. E 0 C 
Cl. Cz. Cx. Cl. O s: rH Q H Dl. H H 0 C O 
+ 1 1 + — — 05 a < z 
c 
< 
N >, X 
43 
change during the experiment. Bearing spurs of 'McIntosh1 
appeared to have a greater number of secondary leaves than 
any of the 'Early McIntosh' treatments. 
Spurs of 'Early McIntosh' that had initiated flowers 
(+fruit) contained a total of 9 leaves/spur (Table 2), of 
which 6 were primary leaves and 3 were secondary leaves 
(Table 3)* Bearing 'McIntosh' spurs consisted of a total of 
10 leaves/spur (Table 2), of which 6 were primary leaves and 
3 were secondary leaves (Table 3). Using the combined BA 
and non-BA treatments, daminozide did not influence initial 
fruit set (FB +5 to FB +13 days) but delayed 'June drop' 
since more fruit were retained on spurs at FB +24 and FB +32 
days (Table 4). However, final fruit set was not influenced 
since comparable fruit set was recorded at FB +47 days. 
'McIntosh' spurs dropped their fruit more quickly than 
'Early McIntosh' spurs. 
Experiment 2. The Influences of Fruit and Plant Growth 
Regulators_on the Anatomy and Morphology of Several 
Different Apple Cultivars. 
Increases in appendage number resulting from BA and 
daminozide treatments were seen on 'Delicious', 'McIntosh', 
and 'Early McIntosh' at FB +19 days (Table 5, Figure 5). 
Although not statistically significant, it appears that at 
later sampling dates spurs of 'McIntosh' and 'Delicious' 






















































































CO 00 0 0 
+ >> vO C- o 
CQ 0 • • • 
Eu Q T_ «- 
E 
O *— 
O vO oo 0 0 
rH + X CTv CTv o 
JO CQ 0 • • • 





-=r 0 0 0 
£- + >> C*~ cn o 
0 CQ 0 • • • 




X cn 0 0 o 
0 + >. C— in on 
-a CQ 0 • • • 





£- CM 0 0 JO 
3 + >» O o 
a CQ 0 • • • 




£- »- 0 0 0 
Cx- + >» C- CM VO 
CQ 0 • • • 
Cm bd Q in in 
O 
C— 
0 CO 0 0 0 
JO + >» vO vo O 
S CQ 0 • • • 
3 Du CO in in in 
Z 
in 0 0 0 
+ >» VO m 
CQ 0 • • • 






T3 «H .O 
0 Cm 
•H *r4 i-H 
rH C i—I 
Q. 60 3 

































a> 4-3 ctn 
T3 Cfl 
cfl a) tj 


























































































































































r-f IX C C O C 
O a*- 0 0 b 
in 0.0 coo 
< CO * CO 0 • 4-5 0 *H C CQ '—^ * z * z » 0£ 3^ 1 to X 0 JO 3 C 4-5 Q CO 
S c 0 0 4-5 £fl -H Z 
+ •H o 3 -H T3 —I 3 
C- c 3 0 b O 
O •k 0 0 c c ^ C 0 C 4-5 
4-> in o 0 •h a h o o CO Erl > Oil C 
c < o JO 6- w ' f-H mH w a jo *h c 0 0 CQ o 0 '-'O O a E Cm 4-5 0 a 
s 1 CM > 0 0 0- 0 o © O O 0 id t4 
4J S a ■0*1^ 0 0 TJO O t- 0 Cm 0 + + JO l< iH C t. t. •h in 0 0 <m -H 
0 0 ON 0 0 0 0 N T3 -H Q.Cm C 
c •k •k o O E TO JJ> jJ O 4-> C 0 0 *H bO 
H 4-) JO 0 C O C C C 0 0 >, 0 T3 -H 
•H •H c •H «H 0 -H H H •H iH 0 
3 3 M 0 E 0 £- E 0 C 
£- £- O >,0 b 0O.O- 0 C O 
Du Cu 2 f-IQ E- CL h < Q C Z 
+ + » 0 
C 
c z
 y X 
45 
m co jO CO O CO X) CO cn CO JO 
CO C- CM CM VO VO ao o n— .=r 
c. 3 • • • • • • • • • 
CO o Qu VO no o CM ao Ov o o vO c- 












o *D >,in 
C*— O 
on m CO CO CO XI co CO CO X) co CO nn 
c- E + CO CTV no •=r nn t— t— r— CM o in 3 X> 
3 O >. • • • • • • • • • • + © go 
a o m co no •=r nn ■=r ■=T LTV CM CM 5 © 
CO Du (3 r— «— r— V T— •3 O 40 
X) C 
c CO rH Q) 
o pH O 
rH •k Cm C 
E 3 CM CO 
O Cm CM TJ D. 
o .=r + O 
C- CM CO CO CO co CO CO CO JO CO CO rH © 
CQ © + CO o no CM C~- O' nn ao ao o nn •k 
4-> >> • • nn © a 
C Cm m co CM CM CM CM T— CM CM* nn 0— + Cl *H 
Cr CO Du Q T“' t— T— 40 
3 CQ •3 rH 
4J m Du C 3 
© >. CO E 
CC CO] x> 























CO JO CC JO CO JO CO JO co CO 1 •H CO 
+ n vO nn ao or o VO nn nn o O' t- • 4-S O 
>» • • © CO rH C 
CQ CO o i— ov r— V— CM nn o O' Cm >.3 3 








bO © VO O CQ -H C 
CC 
1 + 
CO CC CC o co CO CO CO © CO • Du 5 © 
•3 CO nn in nn nn CO CM r— •=r =T nn S- 
c CQ >. x: co © 
© Du CO ao ao vo ao* O' O' O' ao ao O CC 4-> Cm 
a Cm Q rH © 4— 
a O J Eon 
< a -o 
C- E 0.3 
c © a © >, 
o JO >» 0.0 B rH 
E + co © CO CO co CO CO CO CC co o t. o 
GO 3 >» ao ao Ov O' vo in ao ao O' O o o o c 
C« 2 □3 CO in CM Cm CO 












5 CO O O 
o > O O 
L. rH o O 
O 4-> CM CM 
rH a a 
Cm 3 
o o + + 
n © N o o 
4J rH Jj in in 
o a c < < 
© a © CQ CQ 
Cm «S B 
Cm o + + 
U 4J fl 
c © o ■P 4J 4J 
© u n rH rH rH rH 
• L H 3 3 3 3 3 
in © O £- Cr C Cr C. 
Cm •H Du Du •H Du Du 
© Cm V * 
rH rH rH + + 3 + + 
jo a rH rH 
CO © CO 
H a CQ 
3 3 J-> C 
VO? bO 
rH rH C rH 
HH O B 
a a 
a. a.3 ® 
© © © Dr 
O O O B © 
O o o 05 05 D. 3 
o o o CO CO O 
CM CM CM 5 5 C. 
a a a Cr © 
r-rr-r (J) jj 
+ + + < Q 0.4-> 
O'-' © 
o o o W c rH 
in in 05 in © O 
< < 3 < ®3H*) 
CQ JO CQ O 05 C rH 4-> C 
05 rH H N Ifl © 
♦ O ♦ o + C O C. Cr 
4-> rH © c eo © 
jj 4-> c 4J *3 rH 4-> +> 3 rH Q.Lr 
rH rH M rH rH © rH •H CO E © Cm 
JO 3 3 © 3 3 a 3 3 rH CO 05 t4 
n Cr Cr z Cr Dr Cr C. >>Q 3 
O Du Du Du Du c Llr Du N C 
4-> >. © C « 
c + + rH ♦ ♦ 3 + + © © 
M Cr rH CQ Z 
O CO o 




5. Effects of Growth Regulators on Appendage 
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48 
treated spurs. The increased number of appendages was 
sustained and significant at the later sampling dates on 
'Early McIntosh'. Appendage number was increased very 
early on 'Baldwin' apple trees. By FB +6 days, the BA- and 
daminozide-treated spurs of 'Baldwin' had more appendages 
than +fruit spurs. This trend continued throughout the 
measurement period, although at FB +24 days there was no 
statistical difference between the 2 treatments. Following 
the second BA application at FB +22 days, treated spurs had 
a greater number of appendages at FB +37 days. There was no 
statistical difference between treatments in the number of 
appendages on 'Golden Delicious', but as with 'Delicious' 
and 'McIntosh', there was a trend toward an increased number 
of appendages on treated limbs at FB +24 and FB +37 days. 
The total number of appendages initiated prior to 
formation of the first flower parts, the sepals, varied 
among cultivars (Figure 6). The number of appendages formed 
prior to flower development was unrelated to the degree of 
biennial bearing. Prior to formation of actual flower 
parts, the annually-bearing cultivars, 'McIntosh' and 
'Delicious', initiated 20 appendages while the biennially- 
bearing cultivars, 'Golden Delicious', 'Baldwin', and 'Early 
McIntosh', initiated 19, 18, and 22 appendages, 
respectively. There was wide variability in the type of 
appendage formed (Figure 3), but the total number of 
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With the exception of ’Early McIntosh’, BA and 
daminozide increased return bloom on all treated limbs 
(Figure 7). The amount of return bloom on BA and 
daminozide limbs of 'Baldwin’ was not nearly as large as the 
amount of return bloom on treated limbs of the annually- 
bearing cultivars. ’Golden Delicious’, thought to be a 
mildly biennially-bearing cultivar, responded to the BA and 
daminozide with a significantly greater amount of return 
bloom than the +fruit treatment. Return bloom on fruit¬ 
bearing spurs of the strongly biennially-bearing cultivars 
appeared to be much less than that of the annually-bearing 
cultivars. 
In general, BA did not appear to have a consistent 
effect on the number of secondary leaves on any of the 5 
cultivars (Table 6). There were statistical differences at 
FB +19 days on 'Delicious’ and at FB +6 days on ’McIntosh’, 
but these were presumably random fluctuations. The number 
of secondary leaves on 'Early McIntosh’ in this experiment 
appeared to be higher than in Experiment 1 (Table 3). 
Similarly, the number of secondary leaves on ’Baldwin’ 
appeared to be lower than that found on other cultivars. 
Limbs receiving BA and daminozide initially had the 
same number of fruit as untreated limbs on all cultivars 
(Table 7). However, 'June drop’ was advanced on ’Delicious’ 
and ’Baldwin’, and more fruit were retained on individual 
spurs on 'Early McIntosh’ than on any of the other 
51 
Figure 7. Effects of Growth Regulators on Return Bloom 
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55 
cultivars. In general, BA thinned heavily on 'Delicious1, 
'Baldwin', and 'Golden Delicious' (field observation). 
Experiment 3» The Effects of Fruit on Early Appendage 
Initiation in the Biennially-Bearing Cultivar, 'Baldwin' 
and the Annually-Bearing Cultivar, 'Delicious'. 
From FB -2 days to FB +4 days, the biennially-bearing 
cultivar 'Baldwin' was initiating appendages at a similar 
rate on the (+fruit) and (-fruit) treatments (Table 8, 
Figure 8). From FB +4 days to FB +7 days, the (+fruit) 
treatment did not initiate any appendages. In contrast, the 
(-fruit) treatment continued to initiate appendages during 
that time period and consequently, it had a greater number 
of appendages by FB +7 days. From FB +7 days onward the 
number of appendages was always greater on the (-fruit) 
treatment than on the (+fruit) treatment, although it 
appeared that the rate of appendage initiation was similar 
to that of the (-fruit) treatment. Thus, it was the time 
period from FB +4 to FB +7 days that resulted in the growth 
reduction in buds seen in the (+fruit) spurs. 
Appendages were initiated on the (+ and - fruit) 
treatments at a similar rate on 'Delicious' (Table 9> Figure 
9). Fruit of this annually-bearing cultivar did not 
appear to influence appendage initiation to the extent of 
that of the biennially-bearing cultivar, 'Baldwin'. 
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Figure 8. Effects of Fruit on the Number of Appendages 
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Figure 9. Effects of Fruit on the Number of Appendages 

























the number of secondary leaves on either ’Baldwin’ or 
'Delicious’ (Table 9). The number of secondary leaves on 
’Baldwin’ appeared to be less than that of 'Delicious’. 
Experiment 4. The Influences of Gibberellins A4 and A7 
(GA 4+7) and Benzyladenine (BA) on the Anatomy and 
Physiology of the Annually Bearing Cultivars, 'Delicious’ 
and ’McIntosh'. 
Seventeen days after the initial GA 4+7 application, at 
FB +22 days, GA 4+7 had slowed appendage formation on fruit¬ 
bearing spurs of spur-type 'Delicious’ (Table 10). The 
reduction was also seen at FB +29 days, and on both early 
and late GA 4+7-treated spurs at FB +65 days. Addition of 
BA to the late GA 4+7 spray increased the number of 
appendages over that of any of the other treatments. There 
was no difference between the number of appendages on non¬ 
bearing + and - GA 4+7 treatments. Both early and late GA 
4+7 sprays reduced flower bud formation on spurs, although 
total bloom on the late GA 4+7 limbs was not reduced. Even 
though the reduction of appendage initiation was comparable 
on early and late GA 4+7 sprays, the early spray caused a 
greater reduction in flowering on spurs. The addition of 
BA did not increase the % flowering spurs from the (+GA 4+7 
late) treatment, regardless of the greater number of 
appendages on the (+GA 4+7 +BA) treatment. BA did not 
increase appendage formation on ’McIntosh’ at FB +29 days 
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number of appendages on the (+fruit +BA) treatment 
days. This was not followed by an increase in the 
return bloom. 




The Influences of Fruit and Hormones on Appendage Development 
Early McIntosh Experiment 
An increase in return bloom on spurs of 'Golden 
Delicious' occurred when repeat foliar applications of BA 
began at FB +4 days (112). Return bloom on spurs on which 
the initial BA spray did not begin until FB +11 days was 
less than half that of early BA treated spurs. It was 
thought that multiple BA applications beginning at FB +4 
days were overriding some inhibitory effect of the fruit 
that had occurred by FB +11 days when the BA late sprays 
were begun. Fulford proposed that the rate of appendage 
initiation may be a factor in determining whether or not 
flower initiation occurred; since fruit reduced the rate of 
appendage initiation on biennially-bearing cultivars, 
thereby preventing flower initiation (46, 47). BA could 
then be increasing flower initiation by preventing the 
reduction in the rate of appendage initiation caused by 
fruit. This reduction may already have occurred by the time 
of the FB +11 BA application. If correct, the early 
reduction may correlate with peak levels of gibberellins in 




Daminozide did not increase return bloom on heavily 
bearing ’Golden Delicious’ (112), on biennially-bearing 
’Miller’s Seedling’ (130), pr on biennially-bearing 'Early 
McIntosh’ in this experiment (Table 1). It appears, then, 
that daminozide alone is incapable of increasing flowering 
on biennial cultivars carrying a heavy crop load. 
Daminozide can increase flower bud formation on annually- 
bearing cultivars when fewer fruit are present (10, 98), 
but no effect was observed on the rate of appendage 
initiation (98). Thus, it was not surprising that when 
flowering was not increased by daminozide on ’Early 
McIntosh’, no effect on the number of appendages was 
J 
observed. 
Differences between the + and -fruit treatments reflect 
the influence of fruit on appendage initiation, whereas 
differences between the + and -BA +fruit treatments reflect 
the influence of BA on appendage formation (Table 1). The 
initial effect of treatments appears to occur at FB +24 
days, 19 days after the first BA application and 34 days 
after fruit removal. Since both BA treatments (+ and 
-fruit) had more appendages than the +fruit treatment at FB 
+24 days, it appears that the influence of BA occurs 
slightly prior to the effect of fruit removal. However, 
by FB +32 days the -fruit treatment also has a greater 
number of appendages than the +fruit treatment and it is 
likely that this trend began earlier but was not 
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statistically significant at that date. Consequently, 
BA application and fruit removal would appear then to have 
had a similar effect and that was to prevent the reduction 
in the number of appendages by the fruit that first became 
apparent 20-25 days after full bloom. 
Fruit may be reducing the number of appendages by 
lowering or interfering with cytokinin availability to the 
bourse bud. Labeled kinetin applied to the leaves was less 
in bourse buds of biennially-bearing cultivars than buds 
of annually-bearing cultivars (130); the presence of 
fruit on grape lowered cytokinin-like activity in the 
leaves, and when fruit were removed the amount of cytokinin 
glucosides increased in the leaves (72). Biennially-bearing 
cultivars set more fruit on individual spurs (Table 4) and 
there are more flowers/fruit on the tree than on those of 
annually-bearing cultivars (170). Thus, more cytokinins may 
have been utilized by the fruit of biennially-bearing 
cultivars than fruit of annually-bearing cultivars. 
Differences between controls (+fruit) and treatments 
became larger over time, indicating that the presence of 
fruit was gradually reducing the rate of appendage 
initiation and having a greater effect over time on the 
bourse bud (Figure 4). Flowering is inhibited by 
gibberellin sprays (32, 59) and fruit of biennially-bearing 
cultivars will diffuse more gibberellins than fruit of 
annually-bearing cultivars (70). Gibberellin applications 
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can also reduce cytokinin levels (152) and in several 
species of Prunus, early GA3 applications substantially 
reduced the amount of mitotic activity when buds were 
sectioned late in the season (20). GA 4+7 sprays also 
reduced the number of appendages on the annually-bearing 
cultivar ’Double Red Delicious' (Table 10). Peaks of 
gibberellin activity in fruiting spurs at FB +10 and +20 
days found by Marino and Greene (106) on 'Early McIntosh' do 
not appear to correlate with this gradual reduction in the 
number of appendages. Consequently, there appears to be an 
ability by the bourse bud to initially counteract the 
incoming gibberellins from the seeds, preventing them from 
influencing the rate of appendage formation. This could be 
due to enhanced metabolism of gibberellins to an inactive 
form early in the season, or to a lack of tissue sensitivity 
in the bourse bud to incoming gibberellins. Since BA 
applications appeared to delay the influence of fruit on 
appendage initiation, cytokinins may be involved in how and 
when fruit influence the number of appendages. 
The rate of appendage initiation appeared to be reduced 
in all of the treatments in comparison to 'off' year spurs 
(Figure 4). It was first seen in the +fruit treatment, but 
then at FB +47 days the rate of appendage initiation was 
reduced on both the -fruit and the +fruit +BA treatments. 
From FB +61 days onward, the rate of initiation was reduced 
on the -fruit +BA treatment. The rate of initiation in the 
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♦fruit +BA treatment was reduced more than that in the 
-fruit treatment, since the -fruit treatment had a greater 
number of appendages at FB +88 days than the +fruit +BA 
treatment (Table 1). Fruit may be the cause of the 
reduction in the rate of appendage initiation in all the 
treatments since a similar event was not observed on 
biennially-bearing cultivars in which entire trees were 
deflowered (47). The presence of developing flowers even 
for a short period of time appears then to have been 
sufficient to later reduce the rate of appendage initiation 
and the amount of return bloom. There was a greater 
reduction in both bloom and the number of appendages on the 
2 +fruit treatments (+ and -BA) than the 2 -fruit treatments 
(+ and -BA), indicating as previously observed on ’Golden 
Delicious’ (112) of the progressive nature of the inhibitory 
influence of fruit on flowering. Leaving flowers or fruit 
on the spur for a longer time resulted in greater 
inhibition. BA counteracted the influence of fruit but it 
did not appear to be as effective as fruit removal perhaps 
because all the BA had been utilized by the bourse bud and 
fruit, and/or excess cytokinins were metabolized to the 
glucoside form and were available in only limited amounts to 
the bourse bud. BA did eliminate the reduction in the 
number of appendages for a time but BA applications alone do 
not appear to be sufficient to increase flowering when fruit 
of a strongly biennially-bearing cultivar are present. 
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Appendage formation was greatest on limbs where fruit were 
removed and BA was applied, indicating that fruit removal 
and BA applications may act together in suppressing the 
influence of fruit. 
It has been suggested that developing flowers of 
biennially-bearing cultivars may be sufficient to inhibit 
flower initiation for the subsequent year due to significant 
quantities of gibberellins diffusing into the bourse bud 
from the seeds (106). This implies that later effects on 
the number of appendages may have been due to this early 
infusion of gibberellins, and that gibberellins from the 
fruit were not being metabolized. To date, the following 
gibberellins have been identified in immature apple seeds: 
1; 3; 4; 7; 8; 9; 12; 15; 17; 20; 35; 44; 53; 54; 61; 62; 
63; 68; dehydro GA4; 16,17-dihydrodihydroxy GA4 and GA9, and 
C-3 epi GA54 (120). In seeds, the major GA1s that diffuse 
into the spur tissue are 4 and 7 (70). In vegetative 
tissue, GA*s 1, 4, 9, 19, 20 have been identified (82) and 
GA19 and GA20 are found in greatest concentrations (82). 
Gibberellins are classified into 2 groups: those containing 
20 carbon atoms (C-20 GAfs), and those with 19 carbons (C—19 
GA’s). The C-20 GA’s are thought to be inactive but 
exhibiting biological activity by metabolism to C—19 GA’s 
(79). Of the gibberellins identified in apple, GA12, 15, 
17, 19, 44, and 53 are C-20 GA's and the remainder are C—19 
GA' s (79). Looney and Pharis (92) and Pharis and King (120) 
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have shown that there are differences in the ability of 
tissues to metabolize specific gibberellins. GA1 is easier 
to metabolize than GA3, and GA4 is easier than GA7 (120). 
Both GA4 and GA7 are produced by the seeds of annually- and 
biennially bearing cultivars (69), but it is not known what 
amounts of the individual GA’s are produced by each because 
of the technical difficulties in separating the 2 compounds. 
However, recently it was found that GA4 application 
increased return bloom and GA7 inhibited return bloom on 
’Golden Delicious’ (93). This would suggest that it may be 
GA7 and not GA4 that may be the critical compound 
influencing flowering. One may speculate that fruit of 
biennially-bearing cultivars diffuse more GA7 than annually- 
bearing cultivars. Since GA7 has not been identified in 
vegetative tissue there may be more difficulty in 
metabolizing it than native GA’s, which may account for its 
specific action in flowering. 
’Off’ year spurs were included to determine if 
appendage development and return bloom would be similar to 
those on spurs where fruit were removed. However, in this 
experiment there are limitations to this type of comparison. 
In previous work with ’Early McIntosh’, Marino and Greene 
(106) defruited at FB when bloom was heavy (97% of spurs 
with flowers) and found that 47^ of the spurs repeated. 
When defruiting was done 9 days prior to full bloom only 
7% of the spurs initiated flowers (Table 1). Thus, caution 
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must be exercised in making comparisons to ’off’ year trees, 
in which probably over 90% of the spurs initiated flowers. 
Additionally, the bourse bud of fruit-bearing spurs 
originates as an axillary bud in a true leaf immediately 
below the inflorescence. fOffT year spurs originate from 
the re-activated apex that did not initiate flowers the 
previous season. The apical bud of an ’off’ year spur has 
more leaf primordia and they are much more developed than 
leaf primordia of fruit-bearing spurs (Table 2). 
Many factors are thought to be involved in the change 
to the reproductive state. In day-neutral plants such as 
apple, it is difficult to determine what these factors may 
be. The critical time period for apple appears to be after 
initiation of the last true leaf and prior to initiation of 
the first bract. During that time period the transition to 
the reproductive state occurs (22, 127, Goffinett, personal 
communication). In the 'Early McIntosh' experiment, that 
time period appeared to be between FB +61 and FB +88 days, 
or July 13 to August 9. Appendage 19 would be the last true 
leaf and appendage 20 would be the first bract. The -fruit 
+BA treatment appears to have initiated flowers at FB +61 
days in some of the spurs and because the apex remained 
active, more of the spurs initiated flowers. The earlier 
initiation of flowers on this treatment, before any of the 
other treatments including 'off' year spurs, was evident by 
inspection when dissecting. The characteristic doming of a 
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reproductive apex was observed as bracts were initiated. 
Transition to the reproductive state before ’off' year spurs 
may indicate that a specific rate of initiation of 
appendages may not be the determining factor in flower 
initiation, as previously suggested (46). Instead, the 
‘ability to continue to initiate appendages at the time the 
first bract is initiated may be more important. In the 
♦fruit and +fruit +BA treatments appendage initiation had 
ceased during this critical time period, even though BA 
initially increased the number of appendages in the +fruit 
+BA treatment. Fruit, as suggested earlier, appear to still 
be capable of slowing the rate of appendage initiation. In 
contrast, the two -fruit treatments ( + and -BA) remained 
active and some of the spurs initiated flowers. 
Failure to initiate flowers in ’Early McIntosh’ appears 
to be associated with a gradual reduction over time in 
appendage initiation by the fruit, until eventually the 
bourse bud is unable to initiate further appendages or 
bracts and flower initiation does not occur. A change to 
the reproductive state may then change sink patterns since 
an increase in cytokinin levels at the time of flower 
differentiation has been reported in several plants (29, 58, 
130). This may indicate, as suggested by the work of 
Ramirez (130), that cytokinins are not lacking in the spur 
but may be unavailable to the bourse bud due to the 
influence of fruit. 
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Baldwin-Delicious Experiment 
Cultivars differ not only in the influence fruit have 
on appendage formation but also in the kinetics of 
inhibition. The bourse buds of 'Baldwin' were completely 
inhibited from FB +4 to FB +7 days, whereas, there was no 
inhibition in 'Delicious' buds during this period (Table 7). 
It was difficult to determine a specific time when fruit 
inhibited appendage formation on 'Early McIntosh'; but the 
eduction appeared to follow the effect of fruit of 
'Baldwin'. 
Fulford has suggested that these differences in the 
time fruit influence appendage formation were related to 
the time the cultivar was harvested (47). This cannot be 
confirmed in this investigation. 'Early McIntosh' is 
harvested in early to mid-August, whereas 'Baldwin' is not 
harvested until 2 months later, in mid-October. 
Following the reduction in appendage initiation or 
stoppage of growth in 'Baldwin' the apex resumes appendage 
initiation at a rate similar to that of the -fruit treatment 
(Figure 8). By itself this early reduction would not appear 
to prevent the bourse bud from initiating flowers if the 
apex continued to initiate appendages. However, fruit may 
further reduce the rate of appendage initiation, and flower 
initiation as seen on 'Early McIntosh'. It is possible that 
a similar complete stoppage of growth for a short period of 
time occurred on 'Early McIntosh' but was undetectable as a 
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result of the longer time between collection dates. 
Cultivar Experiment 
Several cultivars were chosen that exhibit varying 
degrees of biennial-bearing. 'McIntosh’ shows the least 
tendency toward biennial-bearing. This is followed by 
'Delicious', 'Golden Delicious', 'Early McIntosh', and 
'Baldwin', the most biennial. There appears to be no 
relationship between the number of appendages formed before 
flowering and the degree of biennial-bearing. 'Baldwin', 
the most biennial, initiated 18 appendages before flowers 
were formed, and 'Early McIntosh' initiated 22 appendages, 
whereas the 2 least biennial cultivars, 'McIntosh' and 
'Delicious', initiated 20 appendages (Figure 6). 
Environment, growing conditions, or discrepancies in 
the method of counting may explain differences in reported 
numbers of appendages produced before flower parts are 
initiated. Luckwill and Silva reported 21 appendages for 
'Golden Delicious' grown in Great Britain (98), but in 
Massachusetts 19 appendages were found for 'Golden 
Delicious'. 'Cox's Orange Pippin', similar to 'McIntosh' 
and 'Delicious' in tendency toward biennial bearing, also 
initiated 20 appendages before actual flower parts were 
produced. 
The number of appendages may then be an important 
factor in flower initiation, because in more and more 
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cultivars it is seen that flower formation occurs only after 
a certain number of nodes or appendages have been initiated 
in the apex. A requirement for a specific number of 
appendages would seem to imply that activation of an 
internal event at the apex is required before the transition 
to the reproductive state can occur. It is not known at 
this time what this event may be. In a day-neutral plant 
some other deciding factor besides length of day or night 
must initiate the flowering process. The requirement for a 
certain number of nodes prior to flower formation is not 
unique to apple. It has been observed also in Rosa (60), 
Helianthus (78), and Gladiolus (60). 
Cultivars varied considerably in both the rate and time 
of initiation of appendages on spurs carrying fruit (Table 
5, Figure 5). There are more appendages on ’McIntosh’ spurs 
than on ’Delicious’ spurs, but the differences disappear by 
FB +24 days. There were more appendages on ’Baldwin’ than 
found on ’Golden Delicious’ at FB +24 days, whereas the 
opposite was true at FB +1 day. 
Fulford suggested that the rate of appendage initiation 
at the apex was governed solely by the influence of the 
surrounding appendages, thus accounting for long periods of 
stability in the plastochron (44). However, in this 
investigation the rate of primordia production varied within 
and between cultivars, indicating a more independent role of 
the apex in controlling primordia production. Appendages 
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appear as small bumps on the apex as they are initiated 
(Figure 2). Their ultimate developmental forms are 
probably determined by interactions with other appendages as 
described by Fulford (44) and others (7, 146) but the rate 
of initiation does appear to be independent of these 
interactions. 
BA and daminozide applications to all cultivars appeared 
to enhance the rate of appendage initiation at particular 
times, rather than change the pattern of growth (Figure 5). 
This appears to account for increases in the number of 
appendages with BA and daminozide on ’McIntosh’ and 
’Delicious’, but not on 'Golden Delicious’. The initial BA 
and daminozide application to ’Golden Delicious’ had no 
effect, perhaps because fruit were not influencing the rate 
of appendage initiation until a later date. Bourse buds of 
'Baldwin' (Figure 8) were influenced earlier by fruit than 
those of ’Early McIntosh’, and applications of BA and 
daminozide appeared to follow a similar pattern, increasing 
the number of appendages first on ’Baldwin' and then on 
'Early McIntosh'. After the second BA application to 
'Golden Delicious’, the rate of appendage initiation 
appeared to increase over time and if measurements had 
continued for a longer time period appendage number may have 
been greater than the +fruit treatment. 
The effects of BA and daminozide on return bloom were 
variable (Figure 6). BA and daminozide increased return 
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bloom on all cultivars except 'Early McIntosh1. Final fruit 
set was not counted in this experiment but it was evident 
that treatments did cause fruit thinning on some cultivars 
when difficulty was encountered at the later collection 
dates in finding fruit-bearing spurs (Table 7). Daminozide 
is not thought to thin so it is probable that the thinning 
effect was due to BA applications (54). Most of the fruit 
were thinned from ’Baldwin’, 'Delicious’, and ’Golden 
Delicious'. Some thinning also occurred on 'McIntosh', but 
little occurred on ’Early McIntosh’. As fruit are the 
source of the inhibitory influence on flowering (25), the 
amount of thinning may explain the amount of return bloom. 
’Baldwin’ is usually thought to be a more biennially-bearing 
cultivar than ’Early McIntosh' but perhaps because of the 
early thinning of fruit, BA and daminozide application 
increased return bloom on ’Baldwin'. When little thinning 
occurred on the less biennial cultivar 'Early McIntosh’, BA 
and daminozide did not increase return bloom. Bloom on 
'Early McIntosh’ was increased only in the first experiment 
when flowers were removed, whether or not BA was applied 
(Table 1). 
Delicious-Mclntosh Experiment 
Bourse buds subtending fruit and sprayed with GA4 +7 
either early or late had fewer appendages and reduced return 
bloom than bourse buds not sprayed with GA4 +7. The amount 
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of reduction in bloom was less on spurs treated late with GA 
than on ones treated early with it (Table 10). This 
suggests that even though the number of appendages was 
reduced to that seen in spurs treated early with GA sprays, 
the apex of spurs treated late with GA was still capable of 
initiating appendages, thus allowing more flowers to be 
formed than spurs treated early. 
However, GA4+7 applications to spurs lacking fruit did 
not reduce the number of appendages. This strongly suggests 
another "factor” originating from the fruit that may be 
involved in influencing the rate of appendage initiation and 
subsequent flower initiation. Removal of fruit prior to 
full bloom on ’Early McIntosh’, did not duplicate the 
flowering or appendage responses as that of ’off’ year spurs 
(Table 1). This would suggest that if another ’’factor" is 
involved enough diffuses into the bourse bud at least in 
biennially-bearing cultivars very early in the season to 
later retard continued initiation of appendages before the 
critical number is reached. By itself, this unknown 
"factor” may only be capable of inducing the reduced rate of 
appendage initiation and flowering if enough GA is present 
since fruit of biennially-bearing cultivars diffuse higher 
levels of gibberellins than those of annually-bearing 
cultivars (69). 
Previous reports have failed to show that GA 
application reduces the rate of appendage initiation. 
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Fulford (48) reported a 5000 ppm spray of GA3 to non¬ 
fruiting trees did not reduce return bloom. He suggested 
that another factor besides gibberellins was involved in 
inhibiting flowering. Luckwill and Silva (98) reported a 
reduction in the number of buds initiating flowers after GA3 
application but without an influence on the rate of 
appendage initiation. The results of Luckwill and Silva 
(98) may be interpreted to suggest that GA3 did influence 
appendage initiation. The percentage of buds initiating 
flowers was reduced following GA3 application (98), 
indicating GA3 increased the percentage of buds that stopped 
initiating appendages prior to bract formation. This 
observation is similar to that seen on ’Early McIntosh’ 
(Table 1). The -fruit treatment had an appendage initiation 
rate similar to that of ’off’ year spurs, but prior to 
bract formation the majority of bourse buds ceased 
initiating further appendages, thus flowers were formed in 
only 7% of the buds. It was concluded that the presence of 
flowers on spurs of ’Early McIntosh’ even for a short time 
inhibited further initiation of appendages, thereby 
preventing flower initiation. Less response to GA3 (98) 
than to GA4+7 (Table 10) in influencing appendage initiation 
and flowering may be further evidence for the specific 
action of GA7 in flowering. Marino and Greene found that 
GA4+7 applications were more effective in inhibiting return 
bloom of spurs (106). 
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A late application of BA either combined with GA 4+7 
(FB +42 days) or alone (FB +22 days) increased the number of 
appendages without affecting the amount of return bloom on 
’Delicious' and ’McIntosh' (Table 10). The single BA 
application may have increased the number of appendages, but 
metabolism of the early BA spray may have reduced cytokinin 
levels to that of non-treated spurs so that the amount of 
flowering was not increased. Similarly, a late BA spray may 
have increased the number of appendages but the simultaneous 
addition of GA 4+7 may have prevented an increase in the 
amount of bloom. BA applications to 'Early McIntosh’ also 
increased the number of appendages in the presence of fruit 
without increasing the amount of return bloom (Table 1). 
It would appear that the most effective method of applying 
cytokinins to increase flowering is in low concentration 
multiple applications beginning very early in the season and 
continuing until the middle of July. 
The Influences of Fruit and Hormones on Leaf Development 
Leaves arise in 2 places on fruit-bearing spurs. 
Appendages are initiated prior to initiation of flower parts 
and some of these appendages develop into leaves, referred 
to as primary leaves. Only primary leaves are found on non¬ 
bearing spurs (Figure 1). Secondary leaves develop from 
primordia in the axils of primary leaves when flowers are 
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initiated. 
Leaves are required for flower initiation to occur. It 
is thought that leaves provide hormones and/or 
photosynthates to the surrounding fruit and tissues, that 
may in turn promote flowering. It has been previously shown 
that 10-15 leaves (141) or 190 to 230 cm2 of leaf area/fruit 
were required for flower bud initiation to occur on ’Golden 
Delicious' (64). Ramirez removed the primary leaves on 
'Cox’s Orange Pippin' and reduced the amount of flower 
initiation by half (130). Removal of the secondary leaves 
completely suppressed flower initiation. Daminozide 
application totally reversed the effects of removing 
secondary leaves, but it had no effect on spurs where 
primary leaves were removed. Huet (76) found a linear 
relationship between increasing leaf area and the amount of 
flower initiation. 
In an 'off' year spur of 'Early McIntosh', the bud did 
not initiate flowers the previous season. Instead, the 
appendages that were initiated developed into budscales or 
leaves. Fruit-bearing spurs that did not form flowers 
initiated about 17 appendages, of which 7 developed into 
leaves (Tables 1,2). In contrast, an 'on' year spur 
initiated 22 appendages before formation of flower parts, of 
which 5-6 of the appendages were primary leaves. The 
remaining leaves, or secondary leaves (Table 3), originated 
from axillary buds of true leaves. Typically, 2 axillary 
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buds were formed but only 1 developed to any great extent, 
and it was usually the axillary bud closest to the 
inflorescence that developed into the bourse bud. 
The presence of fruit appeared to inhibit the expansion 
of leaves (Table 2). At FB +5 days and continuing 
throughout the measurement period, ’off1 year spurs appeared 
to have greater leaf areas than those of any of the 'Early 
McIntosh' treatments. Spurs from which flowers were removed 
had consistently greater leaf areas than fruit-bearing 
spurs, although differences were not statistically 
significant. BA application had no influence on leaf 
expansion or area, a result previouly reported for 'Golden 
Delicious' (112). 
Differences in leaf area between 'off', and 'on' year 
spurs was not a consequence of leaf number since 'on' year 
spurs had more leaves (Table 2). Since flower removal did 
not increase the amount of leaf area above that of 'off' 
year 3purs, differences may be partially attributable to 
development of buds the previous season. When flower 
initiation does not occur the apex may stop initiating more 
appendages but development of existing appendages does not 
cease, as seen on buds of 'Early McIntosh' collected at FB 
+38 days. In fact, without the presence of developing 
flowers on either biennial or annual cultivars, appendages 
appear to develop to a much greater extent and this is seen 
when dissecting buds. The innermost appendages on 
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vegetative spurs were much larger and appeared as miniature 
leaves on which venation patterns could be seen. At the 
same time, the primary leaves of buds that have initiated 
flowers appeared smaller and not as well differentiated. 
This suggests that developing flowers may be more 
competitive than subtending leaves in appropriating 
necessary assimilates and hormones needed for growth. It 
would also indicate that apices in which flowers had been 
initiated were still actively dividing, whereas apices in 
which fruit were present had ceased dividing (Table 1) and 
increased development of the leaves of non-flowering spurs 
may be due solely to enlargement and differentiation of 
existing cells. 
Sink strength of fruit may be greater in biennial than 
in annually-bearing cultivars. Initial set in ’Early 
McIntosh’ was very high, with several fruit setting on each 
spur (Table 5). This contrasts with what is observed with 
more annually-bearing cultivars (170), such as ’McIntosh’ 
and ’Delicious'. The very low leaf area values at FB +5 and 
+13 days found on ’Early McIntosh’ but not on 'McIntosh' may 
then be a factor in supplying enough photosynthates for 
growth of the bourse bud since assimilates will move 
preferentially to the fruit (166). 
Early in the season, photosynthates for the fruit will 
probably be supplied by the primary leaves since secondary 
leaves on the bourse bud are known to expand at a somewhat 
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later date than primary leaves (103). Fruit inhibit 
appendage development and probably the expansion of 
secondary leaves on the bourse bud. Leaves are thought to 
promote flower initiation (76, 130). Delayed and reduced 
leaf expansion may inhibit flowering by lowering the amount 
of cytokinins and/or photosynthates available for growth, 
-r.us, the initial stoppage in appendage initiation seen on 
'Baldwin' (Figure 8) may be a result of inadequate amounts 
of photosynthates. The later, more gradual reduction in the 
rate of appendage initiation seen on 'Early McIntosh' (Table 
may be a consequence of decreasing cytokinin levels 
available to the bourse bud. Early BA application may be 
necessary, then, to increase flowering by maintaining 
assimilate translocation to the bourse bud. 
Neither the presence of fruit nor the application of BA 
influenced the number of secondary leaves initiated (Tables 
7, 9). Leaf primordia and appendages are initiated in a 
similar fashion at the apex (Figures 2 and 3), but as they 
develop changes occur in the amount of base development 
(budscales), 3tipule development (transition leaves), and 
lamina development (true leaves and bracts). 
The number of secondary leaves varied from cultivar to 
cultivar and from season to season. In the 'Early McIntosh' 
experiment, there appeared to be differences in the number 
of secondary leaves between 'Early McIntosh’ and 'McIntosh' 
trees (Table 2), with 'McIntosh' having more secondary 
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leaves. In the cultivar experiment done the following year, 
all the cultivars had a similar number of secondary leaves, 
even ’McIntosh* and ’Early McIntosh’ (Table 6). In the 
’Baldwin’-’Delicious' experiment, completed the year after 
the cultivar experiment, ’Baldwin’ had fewer secondary 
leaves than ’Delicious’ (Table 9). This may have been a 
result of differences in climatic conditions among years. 
A Hypothesis to Explain the Influences of Fruit and 
Hormones on the Flowering Process of Apple. 
Several different factors have been discussed that may 
influence flower initiation of apple. These are: 
gibberellins, cytokinins, assimilates, and a postulated 
unknown ’’factor" that is thought may be auxins. Each 
appears to have a major role in flowering of apple and a 
similar conclusion was reached by Bernier et al. (11) for 
other plants. 
The presence of fruit complicates our understanding of 
the flowering process of apple. The bourse bud will form 
flowers when fruit are not present by initiating the 
required number of appendages for each cultivar. When 
fruit are present on spurs of annually-bearing cultivars the 
amount of flowering is reduced, whereas on spurs of 
biennially-bearing cultivars the rate appendages are 
initiated is reduced, leading to complete inhibition of 
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flowering. Thus, fruit of biennially-bearing cultivars have 
a much stronger influence on the bourse bud than fruit of 
annually-bearing cultivars but the exact mechanism by which 
fruit of either type influence flowering is not well 
understood. 
Fruit-bearing spurs consist of fruit, the bourse bud, 
and the leaves. Two types of leaves are found on fruit¬ 
bearing spurs. Primary leaves arise as part of the 
inflorescence and subtend the fruit, whereas secondary 
leaves arise from the bourse bud. Both the fruit and the 
bourse bud can be considered sinks, or actively growing and 
metabolizing tissues. Leaves, and possibly the surrounding 
parts of the bourse bud are sources, or net suppliers of 
assimilates to the sinks. Fruit do have some chloroplasts 
but they photosynthesize only 10% of necessary assimilates 
(117). The remainder will have to be imported from the 
leaves. Biennially-bearing cultivars will set more fruit on 
individual spurs and there will be more fruit on the 
surrounding parts of the tree than on annually-bearing 
cultivars (170), so it is likely there will be a higher 
demand for assimilates by fruit of biennially-bearing 
cultivars. Vegetative growth is reduced when fruit are 
present (117) and the magnitude of the effect depends on the 
extent of fruit set (134). The bourse bud is a meristematic 
tissue that is totally dependent on the leaves for 
assimilates. Fruit and the bourse bud are then competitive 
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sinks with one another and leaves are an integral part of 
the interaction between the bourse bud and the fruit. 
Cytokinins will be important in flowering. The blossom 
cluster with 5—6 flowers will become larger in the spring as 
flower parts expand. Similarly, the bourse bud will begin 
to initiate appendages. Levels of cytokinins in the xylem 
sap will be high at this time when meristematic activity in 
the flowers/fruit and bourse bud is occurring (100). 
Developing fruit will undergo a period of rapid cell 
division for approximately a month and subsequent growth of 
the fruit will be a result of enlargement and 
differentiation of existing cells (117). In the bourse bud 
cell division would be occurring at the apex and to some 
degree in the newly initiated appendages. Fruit will 
utilize cytokinins from sources other than the seeds 
and more cytokinins are found in the leaves when fruit are 
not present (72). Cytokinins from the roots will then be 
needed by both the fruit and bourse bud but the rate and 
extent of cell division will be much greater in the fruit 
than the bourse bud. Thus, more cytokinins would be 
utilized by the fruit than the bourse bud and more 
cytokinins would be utilized by biennially-bearing cultivars 
than annually-bearing cultivars. Excess cytokinins from the 
xylem sap not utilized by either the fruit or bourse bud are 
thought to move into the leaves and be metabolized to the 
glucoside forms (157, 158), which are thought to be 
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biologically active upon conversion back to the free base 
form (90). Cytokinin levels will fall rapidly following 
full bloom, and subsequent need by either the fruit or the 
bourse bud for cytokinins may then have to be supplied from 
the leaves. Cytokinin levels will increase in the shoot at 
the time of differentiation of flower buds (58, 164). The 
possibility then exists that fruit may control cytokinin 
availability to the bourse bud by greater influx of 
cytokinins from the xylem early in the season into the 
fruit, thus reducing the amount of cytokinins available for 
meristematic activity later in the season, or by directly 
regulating either conversion of cytokinin glucosides to free 
base form or preventing movement of cytokinins into the 
bourse bud. 
Gibberellins are also important, primarily as 
inhibitors of flowering in apple. In many other species, 
particularly gymnosperms, gibberellins promote flowering 
(120). In apple, the extent of inhibition by the fruit will 
vary from biennial to annual cultivars but the end result is 
a reduction in the amount of mitotic activity that prevents 
further appendages (true leaves or bracts) from being 
initiated so that flower initiation does not occur. Bradley 
and Crane (20) have shown that GA3 applications reduce the 
region of mitotic activity and the effects of GA 
applications in inhibiting flowering are well documented 
(34, 59, 105). In this investigation, GA 4+7 applications 
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were shown to reduce the number of appendages (Table 10). 
Gibberellins are not known for their effects in inhibiting 
cell division. Most notably,^ the reverse is true. Applied 
gibberellins usually stimulate growth by increasing cell 
expansion (79). The effects of gibberellins either applied 
or from the fruit are not likely to be due to direct 
inhibition of cell division. Instead, gibberellins may 
inhibit flowering by influencing either cytokinin or 
carbohydrate metabolism. Gibberellins will stimulate 
photosynthesis (148) and the breakdown of starch (79). 
Thus, high gibberellin levels very early in the season may 
be responsible for the increased rate of photosynthesis that 
is observed in leaves of fruit-bearing spurs over non¬ 
bearing spurs (43). GA3 applications will reduce the starch 
content of 'off* year spurs in a fashion similar to that of 
fruit—bearing spurs, which have a reduced starch content 
beginning at 5-6 weeks after full bloom (56). Auxin 
applications have shown conflicting effects on the rate of 
photosynthesis (35, 49), and it has been suggested that a 
sink (the fruit) may exert a mobilizing effect on 
assimilates beyond the actual sink through the effect of 
exported IAA (168). Grochowska has shown that biennially- 
bearing cultivars diffuse more auxins than annually-bearing 
cultivars (58). This would suggest that auxins may be the 
postulated unknown "factor" from the fruit that is 
necessary for gibberellins to inhibit flowering. 
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Gibberellins may then stimulate photosynthesis and the 
breakdown of starch for the increased demand for assimilates 
by the fruit, but auxins are necessary to mobilize the 
increased assimilates into the fruit. 
Besides the effects of cytokinins on cell division, 
cytokinins are also known to mobilize nutrients to the site 
of application. Thus, the effects seen in this 
investigation of an increased number of appendages following 
BA application were most likely a result of an increase in 
the rate of cell division or an increased assimilate supply 
to the bourse bud. Increases in flowering have been related 
to both these effects (12, 118). 
In conclusion, there appear to be two time periods 
when fruit influence appendation initiation: early, like 
that seen on ’Baldwin1, and a later more gradual reduction 
seen on ’Early McIntosh’. The later period appears 
directly related to the inability to initiate flowers. The 
early reduction may be a consequence of reduced 
carbohydrates available to the bourse bud. Five to 6 fruit 
wi-H he present on the spur (Table 5), the continued growth 
of which requires assimilates from the primary and secondary 
leaves which are not fully expanded at this time. Leaf 
expansion on 'Early McIntosh' fruit-bearing spurs was slow 
in comparison to ’off’ year or bearing ’McIntosh’ spurs, 
indicating that growth of the surrounding parts of the spur 
was influenced by the fruit. The resumption in a rate of 
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appendage initiation similar to that of deflowered 
’Baldwin’ spurs by bearing ’Baldwin’ spurs would suggest 
that carbohydrates were again available, perhaps because 
some of the fruit had begun to abscise and the demand for 
assimilates would be less. An initial early reduction was 
also suggested for fruit-bearing spurs of 'Early McIntosh’. 
The importance, then, of applying cytokinins early in the 
season would be to prevent the fruit from diverting 
photosynthates away from the bourse bud. Quinlan and Weaver 
(128) have shown that BA applications were more effective in 
increasing movement of labeled carbon into nearly expanded 
leaves (secondary leaves) than fully expanded leaves 
(primary leaves). One of the ways BA may be an effective 
thinning agent for apples (54), then, is by preventing 
diversion of photosynthates from the secondary leaves so 
that more of the fruit fail to be provided with necessary 
metabolites and abscise from the spur. Larger amounts of 
cytokinins from the xylem may move into the fruit when BA 
has not been applied so that later when levels of cytokinins 
in the xylem are zero (100) limited amounts are available to 
the bourse bud. Ramirez has shown that movement of labeled 
kinetin from the leaves into the bourse bud is less on 
biennially-bearing cultivars than annually-bearing cultivars 
(130). Gibberellins will also reduce cytokinin levels (152) 
and thus, even if there are cytokinins in the leaves it is 
probable that cytokinins would not be available to the 
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bourse bud. BA applications late in the season would 
initially increase the number of appendages but the excess 
would be metabolized and would no longer be available. The 
difference between early and late GA applications in the 
amount of return bloom is that both reduce the number of 
appendages following application, perhaps due to effects on 
assimilates. A later GA application would then influence 
cytokinin availability later in the season and thus, enough 
mitotic activity would still be occurring at the time the 
last true leaf and first bract have been initiated for 
flower initiation to occur. Early GA applications would 
affect cytokinin availability at an earlier date to prevent 
even more flower initiation than the late GA application. 
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Summary 
1. Flower initiation in apple appears dependent on the 
successive initiation of primordia and the ability to 
continue to initiate appendages prior to bract formation, 
rather than to the rate of appendage initiation. 
2* It is suggested that fruit of biennially-bearing 
cultivars may reduce the number of appendages by lowering 
mitotic activity in the apex. An interaction between 
gibberellins from the fruit and cytokinins, probably from 
the secondary leaves, appears to be a determining factor in 
the influence of fruit on appendage initiation and the 
amount of return bloom. 
3* Inhibition of flowering on defruited spurs may be a 
consequence of diffusion of gibberellins from developing 
flowers and an inability to metabolize GA7. Fruit/flowers 
are necessary for inhibition not only for diffusion of 
gibberellins but also for diffusion of an unknown "factor" 
which may be auxins. 
4. High gibberellin levels, presumably GA 7, gradually 
reduce the rate of appendage initiation and this can occur 
in both annually- and biennially-bearing cultivars. The 
amount of appendage reduction and inhibition of flower 
initiation is larger on biennially-bearing cultivars. This 
is thought to be a consequence of higher gibberellin levels 
in spur tissue of biennially-bearing cultivars. 
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5. BA is capable of increasing the number of appendages. 
This, by itself, is not sufficient to induce flower 
initiation. Late applications of BA may be unable to 
counteract inhibitory effects on flowering earlier in the 
season. 
6. The presence of flowers inhibits the development of 
leaves in both annual and biennial cultivars, and reduces 
the expansion of leaves in biennial cultivars. 
APPENDIX 
Objectives 
Following hormone application and in the presence of 
* 
fruit, spur tissue from some of the outlined 
experiments in the text were assayed to attempt to determine 
cytokinin and gibberellin levels. 
Procedures 
Spurs collected for hormone analysis were first frozen 
after collection and then freeze dried and ground in a Wiley 
mill with a 20 mesh screen. Samples were then extracted for 
various hormones by adding 1.5 grams to 15ml of 80$ methanol 
and kept at 0 C for 72 hours, changing and filtering the 
methanol every 24 hours. All solvents used to extract and 
separate hormones were either distilled 1 time or were of 
HPLC grade. 
Gibberellin Purification 
The 50 ml 80$ methanolic extract was first evaporated 
to the aqueous phase at 40 C. Following the procedure of 
Powell and Maybee (125), 2 ml of methanol, 160 ul of glacial 
acetic acid, and water was added to make a total volume of 
10 ml. The extract was added to a Baker SPE 3ml column 
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with 25 ml of H20. After the extract was added the column 
was then washed with 25 ml H20:HAc:Me0H (7.8:.2:2 v/v). The 
the column was eluted 3 times with 500 ul of 70% 
methanol/30$ 0.1 M ammonium acetate which was then 
evaporated to the aqueous phase, acidified with acetic acid 
to pH 2.5, and partitioned three times with equal volumes of 
ethyl acetate. Hexane was then added to the ethyl acetate 
fraction to give a 7:3 v/v of hexane:ethyl acetate. The 
solution was centrifuged at 5,000xg for 10 minutes and the 
lower phase was discarded. The upper phase was added to a 
Baker SPE 3 ml column prepacked with 500 mg of silica gel 
that had been prewashed and then washed after sample 
addition with 25 ml of hexaneiethyl acetate (7:3) removed by 
a small vacuum pump. The column was eluted 3 times with 500 
ul of methanol:acetonitrile (1 :3). Equal aliquots were 
taken and then added to 3 5 cm petri dishes lined with 
Whatmann #2 filter paper, and after drying for 24 hours 
these were assayed for gibberellin-like activity with the 
lettuce hypocotyl test. 
The procedure of Pitel et al. (123) was followed to 
separate GA 4 from GA 7. The methanol:acetonitrile (1:3) 
extract was first taken to dryness and then 1 ml of the 
aqueous phase of a carbon tetrachloride:acetic acid .-water 
(8:3:5 v/v) solution was added along with sufficient 
Sephadex G-25 to saturate the aqueous phase. The extract 
was then added to the top of 95 by 2.5 cm column filled with 
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75 g of Sephadex G-25. The column was prepared by first 
slurrying the Sephadex in the aqueous phase for several 
hours and then pouring it into the column which was then 
washed overnight with the organic phase. A disc of Whatmann 
//1 filter paper was put on top of the column and organic 
phase was passed through the column. Twenty ml fractions 
were collected and divided in half for duplicate bioassays 
using the lettuce hypocotyl test. 
Lettuce Hypocotyl Bioassay 
Following the procedure of Franklin and Wareing (40), 
lettuce seeds, cv. ’Grand Rapids’, were sown in the dark at 
25 C in 9 cm petri dishes lined with filter paper. After 1 
1/2 days, 10 seedlings with 3 to 3*5 mm long radicles were 
transferred to 5 cm petri dishes lined with Whatmann #2 
filter paper. Three replications of 3 ml of standard 
solutions ranging in concentration from 0 to 10-5 g/1 of GA 
4+7 were added to the petri dishes which were then placed 
below four 40w fluorescent light bulbs. The length of the 
hypocotyls of the 10 seedlings was measured after 3 days. 
Hormone extracts were air-dried for 2 days in petri dishes 
and 3 ml of H20 were added with seedlings and then compared 
to the test solutions after 3 days. A linear relationship 
exists between the amount of hypocotyl elongation and the 
log of the gibberellin concentration. 
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Cytokinin Purification 
The 50 ml 80$ methanolic extract was first added to a 
Baker SPE 3 ml C18 column that was prewashed with 80$ 
methanol and the methanol solution was then evaporated to 
dryness after passing through the column. One ml of H20 was 
added and the sample was then added to the top of an 
Amberlite IRC-50 (Duolite) 5 ml column 22 by 0.54 cm in 
length, according to the procedures of Vreman and Corse 
(165). The column was then washed with 50 ml of H20 
adjusted to pH 10 with dilute NaOH and then eluted with 40 
ml of 70$ ethanol, adjusted to pH 10 with dilute NaOH. The 
sample was then dried and a small amount of 35% ethanol was 
added and the sample added to the top of a Sephadex LH-20 
column (30 by 2 cm, 20 g) prewashed in. 35$ ethanol. 
Cytokinins were eluted from the column by passing through 
35$ ethanol and collecting 15 ml fractions (6, 116). Equal 
aliquots were added to three 5 cm petri dishes for 
triplicate bioassays using the cucumber cotyledon greening 
test (37). 
Cucumber Cotyledon Greening Bioassay 
Following the procedure of Fletcher et al. (37), seeds 
of cucumber, cv. ’Wisconsin', were sown in flats in which 
seeds were covered with vermiculite and germinated in the 
dark for 4 days at 28 C. Cotyledons were excised, the 
hypocotyl completely removed, 7 cotyledons were then added 
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to each 5 cm petri dish that contained 40 mM KC1 in 3 ml of 
test solutions containing standards ranging from 0 to 10-5 
g/1 of benzyladenine. Dishes were then returned to the dark 
for 20 hours at 28 C. Following the incubation period, the 
dishes were put under fluorescent lights for 3 1/2 hours and 
the chlorophyll extracted by' placing the cotyledons in 4 ml 
of N,N-dimethylformamide for 3 days in the dark at 5 C. 
Chlorophyll levels were determined by measuring the amount 
of absorbance at 665 nm. A linear relationship exists 
between the amount of chlorophyll and the log of the 
cytokinin concentration. 
RESULTS 
Spurs of apple contained significant amounts of 
compounds that interfered in the gibberellin assay. These 
compounds were thought to be either phenol-like substances 
or tannins. When present in the assay, death or inhibition 
of the lettuce seeds resulted. The above procedure for 
gibberellin extraction was used because it appeared to be 
more successful at removing these inhibitory compounds than 
any of the others that were tried. Specifically, when the 
ratio of hexane to ethyl acetate was high and the sample was 
then centrifuged, the inhibitory compounds went to the 
bottom and were easily removed. This procedure also saved a 
considerable amount of time because as many as 10 samples 
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can be done in about 4 hours. 
One run of 3 replications with ’McIntosh' spurs 
resulted in lower gibberellin-like activity for spurs 
sprayed with 100 ppm benzyladenine. A duplicate experiment 
did not confirm these results. In fact, in all assays that 
were tried either no activity was detected, the seedlings 
died, or the results could not be confirmed. 
Separation of GA 4 from GA 7 was achieved using the 
Sephadex G-25 column. This technique may be very useful 
in the future. It is much easier to use the Sephadex if it 
is slurried in the aqueous phase and then added to the 
column instead of using the procedure by Pitel et al. (123). 
More successful results probably would be achieved if 
more spurs were collected, perhaps 50 to 100 spurs. In 
that way, the bourse bud (where changes occur) could be 
excised from the spur and- used in the analysis and the 
concentrations of hormones would probably be higher. There 
appeared to be more inhibitory substances in the surrounding 
spur tissue than in the bourse bud. An examination of 
gibberellin activity in the leaves would be important since 
it was unclear whether the effect of gibberellins from the 
fruit was directly on the apex or through disruption of 
cytokinin activity in the leaves. 
A somewhat different situation arose with the analysis 
for cytokinins. At first, the soybean callus was going to 
be used but contamination of the test cultures forced a new 
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assay to be found. After attempting several different 
assays, the cucumber cotyledon greening assay was selected 
because it was quick, easy, and as sensitive as the 
soybean callus assay. Initial experiments using the 
cucumber assay and the extraction procedure of van Staden 
(159) showed such low levels of cytokinins that the assay 
was unable to detect them. After reviewing the literature, 
it was found that there were many problems associated with 
Dowex cation exchange columns including a low recovery rate 
that required the use of large quantities of samples. Much 
higher recovery rates had been reported with an Amberlite 
IRC-50 (Duolite) column by Vreman and Corse (165) and when 
tried with known cytokinin concentrations, very high 
recovery rates were found. Spur samples were extracted 
using the new method but activity was still undetectable 
using the cucumber cotyledon greening assay. Attempts were 
then made to make the assay more sensitive because 
discussions with Fletcher, the originator of the assay, 
revealed that other researchers could detect differences at 
10-7 g/1 cytokinin concentrations. After many attempts, a 
linear relationship was established only down to the 10-5 
g/1 cytokinin concentrations, which was not sufficiently 
sensitive to detect differences in the cytokinin 
concentration between treatments. 
Cytokinin activity may have been detected if a larger 
sample size was used. A more detailed examination of 
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individual cytokinins needs to be performed. It would be 
important to determine levels of cytokinin glucosides since 
it appears that they may have a very important function in 
regulation of growth by the fruit. Attention should first 
be focused on an in-depth investigation of cytokinin 
metabolism in the leaves and if practical, a distinction 
should be made between primary and secondary leaves. It is 
likely that cytokinin levels in the bourse bud will always 
be low because of rapid utilization by the tissue. The 
interaction between cytokinins and gibberellins that was 
observed in this investigation may then occur in the leaves. 
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